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CHAPTER XXXI. 

SPRINGS^ RIVBRS^ CANALS^ LAKES, CATARACTS, ANJ> 

INUNDATIONS. 



SECTION I. 

Origin of Springs and Rivers. 

L HIS subject is still involved in a considerable degree of obscu- 
rity. The theories which have been chiefly invented to account for 
it are the three following : 

I. The conveyance of the water of the ocean through subterra* 
neous ducts or canals, to the place where the spring flows out of 
the earth, and tiie fountain on the river conuuences. Water, how* 
ever, could never ia this simple manner, by any power wc are ac- 
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quaiiiled with, lise to tlie surface of Ihe lofliest niountalns, wliere 
it is traced so abundaiilly. And to this hj'pntbesia has consequeotl; 
been added tliat of sublurra neons heats or tires, b^ which, the water 
being rarctied, has been conceived to ascend through the bowels of 
the mouulains in the form of vapours, and to be afterwards con- 
dented, and ouce more rendered llquiesceut. Vet no sufficient proof 
lias hitherto been offered eiltier of the existence of such subterra- 
neous tires, or of such cavernous structure, in the mountains sup. 
posed to be operated upon. 

II. Tiie capillary hypothesis: or that of those who conceive that 
the water ascends from the deptlis of the sea through the sandy or 
other pores of the earth, in the same manner as it rises In capillary 
tubes, in spouge or sugar-loaf, so long as Ihe latter remains undis. 
solved. It is, however, sulhcient to observe, in confutation of thii 
hypothesis, that though, in consequence of capillary attraction, tin- 
water may reach the top or extremity of the hollow sand or minute 
tube, it will pass uo further; it will neither rise above the surface 
of the inouDtaiu, so as to roll down its lateral surface in torrents, 
nof constitute cisterns or cavities, in such elevated situations. 

III. Tlie hypothesis of evaporation : or the origio of springs, 
and rivers from melted snow, rain, dew, and condensed aerial 
Tapours. 

But is the process of evaporation thus contemplated in the aggre- 
gate, equal to so prodigious an eD'ectT and are those countries or 
places most remarkable for the number and extent of their rivers 
when evaporation exists in the greatest abundance 1 

If we may credit Mr. Wiliiains, the evaporation from the surface 
of land covered with trees and other vegetables is one.third greater 
than trora the surface of water ; but this has not been confirmed 
by other philosophers. From his experiments it appears that in 
Bradford in New England the evaporation during 1772 aniouuled 
to 42.65 inches. But from the way that his experiments were con- 
ducted, the amount was probably too great. From an esperiment of 
Dr. Watson, made June 2, J 779, after a month's drought, it appear* 
that the evaporation, from a square inch of a grass plat, amounted 
to 1,2 grains in an hour, or 28.8 in twenty-four hours, which is 
0.061 of an inch. In another experiment, after there had been no 
rain for a week, the heal of the earth being 1 10°, the evaporation 
Was found aliuott twice as great, or = O.IOS of an iach in the da^: 
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tbe mean of which Iwit ex]>crimrDts is 0.0S4 inches, amflunliiig for J 
the whole monlh of June to 2.62 inches. If vie suppnMr this lo' 
bear tbe sBine proporlion to ihe whole year, that the evaponilton in 
Dr. Dubson'se^iperinienta for June <fo (o the annuul eva|>i)rati(iii, 
we shall obtain an animal eva|ioralian amoiititini; to abont 33 
indies; which is much smaller (han the average obluincil by Mr. i 
Williams. 

Mr. Dalton and Mr. Hoyle have ofTered us exjierinienti^ still mora J 
eorreclly conducted. They took [>]aceitithe vicinity of Mancheslrr 1 
during 1796, and the two succeeding years : and according to llies* I 
experiilienis the quBntity of vapour raised in that quarler afinutilly i« I 
about 25 inches ; and if to this we add five inches for the ctcw, it will 1 
make the average evaporation for tbe year 30 inches. N .w if wa | 
consider the situation of England, and the greater (|iian;tly of va< 
pour usually admitted to be raised from water, it wilt not surely bc^'l 
considered as too great an allowance if we estimate ihe iiieHii ui 
evaporation over the whole surface of tbe globe at 'it incbei. But 
35 inches from every square inch on the superficies of (I>e eiirtli i 
make 94.4S0 cubic miles, equal lo the water annuatly evaporated jj 
over the whnle globe. 

Tliis may be a quantity altogether suAicietit for the fortiitlion 
ud supply of those immense masses of viater which coiislititie the 
largestof those rivers which we shall presently notice in their order. 
b-Xot by what means is Hits prodigious expanse of vapour converictl 
Mo rain, in which form alone it can generate rivers, if it gcucratc 
Item at all ! 

< Rain never begins to fall while Ihe air is transparent: the inn< 

Ue vapours first pass their uiaxinmm, and are changed into vesl. 

rspours; clouds are formed, aud these cloudii are giadually 

toWed in rain. But clouds are nut formed in all parts of Ihe 
D at once; Ihe formntion begins at one particular spot, while 
t of the air remains clear as before: Ihc Ilrsi cloud rapidly > 
1 till it overspreads the whole horizon, and the ruin llieo 
commences. Now it is remarkable, thai Ihough Ibe grcal''si i|imn. 
lity of vapour exiMs in Hie loner slrala of tbe atmosphere, cloud* 
never begin tu form there, but always at some considerable height, 
II is remarkable too, that tbe part of atmosphere at which they 
form has not arrived at the point of extreme moixlure, ngr uear 
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tliat point, even a niomeiit before their formation. Tliey are not 
formed ihea, because a greater quantity of vapour had reached the 
atmospiiere tlian couid remain there without passing in maxiiDun). 
It is slill more remarkable, thai when tlie clouds are formed, the 
temperature nf the spot in which they aie formetl i» not always 
lowered, though this is BDmetimea the case. On the contrary, the 
heat of the clouds themselvea is sometimes greater than tbat of the 
surrounding air. Neither tliea b the formaljoii of clouds owing to 
the capacily of air fur combining with moislnre being lessened bj 
cold : BO far from this, indeed, we often see clouds which had re- 
mained in the atmosphere during the heat of the day disappear in 
the night after the heal of the air has diminished. And hence the 
formation of clouds and rain, from which rivers are so generally 
supposed to proceed, are themselves not to be accounted for upon 
any principles with which we are acquaiDled. 

It is a very remarkable fact, that evaporation often goes on for a 
month together in hot weather without any rain. This occasionally 
occurs in our own country; and takes place every year in the torrid 
Eune. Thus at CakutU, during January 17S5, it never rained at 
all : the mean of Ihe thermometer for the whole month was 66^ 
degrees: there was no high wind, and indeed during great part of 
the month lilllc wiud at all. And lliis is also a factlhal it b Jin* 
possible for ns la account for. The enquiry therefore is involved in 
great difficulty. In the beginning of the late cenlirry, the phi- 
losophical viorid was ablated by a variety of opinions upon the 
subject. One party contended strongly for the existence of a large 
Biass of water within the bo"els of the earlh, which supplied not 
only the rivers but the oiean itself; al the head of these we may 
place Ihe ingenious but fanciful Burnet. The French philosophers, 
on the contrary, asserted, tli;it Ihe waters of the ocean were coiv> 
veyed back by some subterraneous passages to the land, and being 
filtrated in their passage, relurued again to the sea in Ihe course of 
the rivers ; but this opinion appears contrary to all tlie known prin- 
ciple of hydrostatics. 

It was iu opposition to these liypotheses, that our illuslrious 
. countryman Halley contended for the process of evaporation, and 
■ mainlHrncd that the immense deposition of water in consrfiuence of 
)i, is fuU> adequate to the whole supply. 
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Tbe ejperiment upon which he chiefly dc|)en(lcd was the follow* 
He took a vessel of water, made of the same degree of salt- 
as tbe sea, which he ascertained by an hydrometer; and bav- 
mg placed a thermometer iu it, he brought it, h^ a chattiiig-dish to 
heat of the air in the hottest summer. He thtn placed ibii 
vessel, with the thermometer iu it, in one scale, and nicely counter- 
poUed it with weights in the other. After two hours, he found thai 
111 the sixtielb part of an inch bad escaped in vapour, and con- 
[uenily, iu ten hours, the length of a natural dav, that one tenth 
an inch would have been evaporated. From this experiment it 
luld follow that every ten square inches of the surface of the 
iter yield a cubic inch of water iu vapour per day, every 
lare mile 6,914 tons, and every square degree (or tiQ Eng- 
les) 33 millions of tons. Now if we suppose the Mediter- 
lean to be 40 degrees long, and 4 broad at a medium, which is ' 
least that can be sup]>osed, its surface will be l6o squ'ire de- 
!, whence there will evaporate 3380 millions of tons per day 
lie summer litne. The Mediterranean receives water from the 
following great rivers, the Iberus, the Rhine, the Tiber, the 
the Danube, the Neisier, the Boristhenes, the Tnais and the 
ile ; llie other rivers that empty themselves into it bcins; compara- 
bly sniall, and their water inconsiderable. Now let us suppose 
it each of these rivers conveys ten times as much water to Ihe 
the Thames ; winch is calculated to yield daily 76,033,000 
lie feet, equal to 320 millioas of Ions, which is little more thai) 
third of the quantity evaporated every day from the same sea : 
remainder being perhaps allotted to rains, which fall again into 
Ferent seas, atlcr having served the purposes of venctation, ll is 
;hly probable, however, that by some means or other, a kind of 
:ulation is carried on through all nature; and that tbe sea re. 
res back again, through the channel of Ihe rivers, that water 
ich it parts with to the atmosphere. 
All rivers have their source either in mountains, or elevated lakes; 
it is in their descent from these, that they acquire that velocity 
lich RiaiDtains their future current. At first their course is gene- 
'Tslly rapid and headlong; but it is retarded in ils journey by the 
continual friction against its banks, by the many obstacles it meets . 
to divert its stream, and by the plane's generally becoming more 
lenl as it approaches towards the 
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Rivers, as every body has seen, are always broadest at the mouth, 
and narrower towards their source. But what is less known, and 
probably more deserving curiosity, is, tirat they run in a more direct 
channel as ihey inmiediately leave their sources ; and that their 
sinuosities and turnings become more numerous as they proceed. It 
is a certain sign among the savages of North America, that they 
are near the sea, when they find the rivers winding, and eyery now 
and then changing their direction. And this is even now become an 
indication to the £uropeans themselves, in their journeys through 
those trackless forests. As those sinuosities, therefore, increase as 
the river approaches the sea, it is not to be wondered at, that they 
sometunes divide, and thus disembogue by different channels* The 
Danube disembogues into the Euxine by seven mouths; the Nile, 
by tiie same number; and the Wolga, by seventy. 

There are some rivers which are said to lose themselves in chasms 
under the earth, and to flow for several miles in secret and undis* 
covered channels. On this circumstance is founded one of the most 
beautiful fables of antiquity, relative to the fountain of Arethusa, 
in Sicily. The same thing is affirmed of the Rhine, and even of 
the river Mole, in Surry, which from this circumstance derives its 
name. With respect to the two latter rivers, however, some doubts 
are entertained of the aserted fact. * 

On this subject there is a valuable article in the Memoirs 
lately published, by the abbe Guettard. " It is very surprising (he 
observes) if we reflect on it, that a river in its course, which is very 
often very extensive, should not meet with spongy soils to swal- 
low up its waters, or gulphs in which they are lost ; nevertheless, as 
there has been hitherto known but a small number of rivers whose 
waters thus disappear, this phenomenon has been accounted very 
extraordinary, both by the ancients and moderns. M. Guettard 
next describes what he has observed in several rivers of Normandy, 
which ^re lost and afterwards appear again ; these are five in num« 
ber, viz. the Rille, the Ithom, the Aure, the river of Sap Andr6^ 
and the Dr6me. The three first disappear gradually, and then come 
in sight again ; the fourth loses itself entirely by degrees, but after* 
wards re appears ; the fifth loses some of its water in its course^ 
and ends by precipitating itself into a cavity, whence it is never 
seen to rise again. 
What seems to occasion the loss of the Rille, the Ithon, and the 
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Aure, is tbe nature of the soil tlirougli which (hey pass. M. GaeN 

tard has observed that it id geoenil porous, aud composed of a thick 

k nnd, the gmins of which are Dot well compacted together ; it sluks 

landdent; down by its own weight in some places, and there formi 

Ip-eat holns; and when the water oveiflowt the meadows, it fr»> 

I gently makes raaay cavities in several parts of them. If we ihere- 

e suppose tiiequahties ui the clianneb of these rivers, and that 

Ktfiere are certain places m which the water stagnates longer than in 

Kolliers, it must there dilute the ground, if we iiiay use that expre^ 

ftaou ; and having carried away the parts which united llie grains of 

KBnd together, those grains will become atlerwards no other than a 

Vtind of sieve, through which the waters will filtrate themselves, pro> 

fr«ded nevertheless that they tiud a pas^ge under.ground through 

vnhich theyniay run. This conjeetuie appears to be so well founded, 

t each of these three rivers loses itself nearly in the same man. 

, that is, through cavities which the people of the country call 

^toirs, and which swallow up more or less according to their large- 

. M. Gueltard, who has carefully examined them, remarks, that 

e betoirs are holes in the form of a tunuel, tvhose diameter and 

1 at least Ivvo feet, and sometimes exceeds eleven; and 

diose depth varies in like maimer from one and two feet, to five, 

, and even twenty. Tiie Rille duriug the summer season loses 

t all its water in the space of two short leagues; the lihon 

1 very near the same. But M. Guettard observes something 

ttnious concerning this river, that formerly it was not lost, but kept 

li course without any interruption, as ap^ars by the history of the 

Hilitry ; very likely the mud, which had been colhcted together in 

I parts of its channel, might have occasioned the waters re- 

nining in others, and have caused jnany beioks. This is the more 

kcly, as tbe mud havmg been collected together in tlie bed of the 

Kr Aure, it appears that, in consequence, the cavilieii were greatly 

Eased, which makes it lose itself much sooner than formerly. 

Kjcsides, possibly an earthquake happening in the country n|ight have 

caused several subterraneous canals through which the water of the 

ilfaon has forced its way. In effect, it appears, that a soil's being 

i not sulhcient to cause tbe loss of a river; for if it was, 

D to do so it wonid occasion many feus round about, nor would 

|L reJUW its course after having disappeared a certain time , 

E 4 
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besides find \vays uiider-g round throu^'h wliicl} il may tnke its coune. 
M. C^iietlard seems also much inclined to believe, that there are, id 
these pH til, sublerraneous caviriestlimu^h which iliewalen may flow; 
and in consequence of this he reports a number ol' farla, all tending 
to prove the Utith nt it, or at least to prove that there must bo 
hollow (juarries serving for strainers lo tiiese waters. Lfpoa which 
OCcasi<iu bv gucE into a discussion of this <jueslion: Are there any 
lubterraneous rivers, and is the prpj<osse^ion of some persons ta 
favour of this particular well foumled I He makes it appear by se- 
veral instances which he quotes, and by many reasons which he 
allei^es, that there are at least very great presumptiims in tavour of 
this opinion. We are too apt not to look beyiniH the exterior of 
things: we feel reisistance upon the surface of the e»rth ; when we 
go deep, we often liud it it cnmpact. Il is thurrlorL- hard for us to 
imagine that it can conlnin subteirancous cavities. snttrcient to form 
channel for hidden rivers, or for any considerable body of water j 
in a word, that it can contain vast caverns ; and yet everj thing 
teems to indicate the contrary. A fact that is observed in the beloirs 
of the rivers concernin:; which we have spoken, and particularly of 
the Rille, proves in some measure thai there are euosiderable lakes 
of waters in the mnuiilains which limit its course; this fact is, that 
in winter the palest |iart of their betoirs become spring's, which 
supply nnew the river's channel with as much water as they had ab> 
sorbed from il during the summer. Now from wh«'nce can that 
water come, nnli's? from the reservoirs or lakes ihal are inclosed in 
mountains, which being lower than the river in summer, absorb its 
waters, and being higher in winter by the rain lliey receive, send it 
back again in their turn J 

M. Guettard strengthens this conjecture by several instances that 
render it very probable : he remarks al the same lime, that this al- 
ternnte eferl of the betoirs swaltowhig up the water and restoring 
it again, causes p< rhaps an invincible obslai'le to the resilraiuing of 
the water wilhin the channel of the river. It lias indeed been se. 
vera! times attempted to slop those cavities; but the water returns 
with such violence in winter, ihut it generally carnes away the ma- 
terials with which they were stopped. 

The river of Sap Andr6 is lost in part, as we have before said, in 
the same manner as Ihc Itbon aud the £ille ; but there is something 
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nore remarkable in it Ihaii in Those rivers; to wii, that at the 
' tremity ol~ il9 course, where there is no perceptible eavily, it is il 
giilphed, but without atij' fall ; the water passes between the pebbl«« 
and it 19 impossible to force a slick into that place any further tia 
iolo the betoirs of which we have spoken. Wliat makes this 
take that subterraneous direction, is an inipedimeni which its strea 
meets tvilh in that ptace; it is there slopped by a rising ground ri 
or seven feel high, whose bolloiu it has very likely undermined, 
gain a free passage, not haviug been able to make its way over H 
At some distance it appears again ; but in winter, as there b a greateri 
quantity of waler, il passes over that cniiuejice, and keeps an u 
terrupled course. 

Lastly, the Dr6me, after having lost wme of its water in i 
course, vauislies entirely near the pit of Suucy ; in that placed 
meets with a ssrt of sublerraneuus cavity near 2fi feel wide, and 
more than \S defp, wjiere the river is in a niantier stopped, and 
into which it enters, though without any perceptible nioliuu, aud 
never appears again, 

M. Guetlard finishes this memoir with some obeervatious upon 
the lerre. This river is lost in the same manner aS the Rille ; and 
though it is very near Paris, this singularity is unknown to almost 
every body, was il not for the account of M. I'Abb^ le Breiii, M. 
Guetlard would hare beeu also ignorant of it. And as he Ihinks the 
chiefobjecl of a naturalist's observation ought to be the public good, 
he examines the means which might be employed to restrain the 
water of the lerre. The same obji:ct has made him add a descrip- 
lioo of the iiiaouer how the Rliune is lost, or rather how its course 
is disturbed ; for il is now very certain that it does not lose itself. 
but ttiHt its cliannel is entreiuely conhned, in the place where it was 
pretended that it lost itself, by two mountahis, between who!ie tiset 
it runs. M. Guetlard makes it appear that it might not be impos- 
sible to widen that place, aud give a sullicieat channel to the river, 
which would render it navigable, and be of vast utility to all tb^ 
country. " 

Panlologia, Art. Rivers. Phil Trans, 1 
Mem, de VAcad. det Sciences. 
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SECTION II. 

Prituipal Rivers in the diff'erenl Quarters of Ike JVorld,.^ 

The geocral course of (lie largest risers we are acquainted fl 
is from a tliouaami to two tlioiisauH miles; and we have them of 
ihis leni;tli in evcrj' <jiiarter of the u nrld ; yel in nn inslunce do we 
find them much exceeding two lliousanJ miles long. We shall com* 
i tour witii those of 
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The Indus is by the natives called Simle or Sindet, and in the 
Saosctil language Heendho. It is alto crtlieit Nilsib, or the Blue 
BiTer. The source, both of this and ot'ihe Gaugea, are to lliia hour 
uiikuown : Majur Kennell, and vnrious oilier gi'Ogrsphers, have of- 
fered opiDions upon (he aubjeci, but at preaent iliey are opinions 
and nothing more. It is generally supposed la originate lu Ihe 
niouiilaius of M us Tag, which, as iaiti down by Strahlenhnrg, ruu 
from we>l to east, forming a chain lo Ihe suulh of Liltie Bucliaria. 
Its coDipanilive cotirse niuy be about a thousand Biitish miles, wlien 
it forms a Delta in the province of Sindi, entering by uuuieraus 
mouths into the Indian sea. 

The tributary streams of the Indus chiefly join it in the northern 
half of ils course, where they form the Paujab, or county of Five 
Rivers. From Ihe west run iulo Indus the Kuiiret, with its auxiliary 
streams, and the Comul; from the east the Bdhul or lijdaspes: 
tlic Chunab of Accsiuas; ihe Kauvee or Hvdraoles ; and the Set- 
lege or He^udrus, being on Ihe east of the Indus. The whole of 
this part of Hindustan is even at present but liltie known to the 
modems; and it is uncertain whelher the Cagnan, a considerable 
and distant tiver to the east, jotus the Indus or falls into the gulph 
Of Culch. 

The Ganges is a stjll nobler stream, both in magnitude and 
length ; for it is swelled by tributary streams of still greater number 
and power, and its comparative length can be scarcely eslimated at 
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I less tlmn fourleeii hundreil Biiii'li mileii. The Biirramport, or Bur. 

L raiii|>onleri wbicli b its prouili^st auxiliary, is nturly as long as it* 

[ lelf ; il ii generally conceived tliat their sourcej* are nol very distant^ 

from each ulheri lliougli we have no decisive iiifonnalton upoObl 

I this suhjecl, and they itepai^le from each olliet to the ili^lanrt- »f tm 

thousand miles belbre ihey uiiiie and constitute one cummun tireani^ 

ialling at leuglh into the Bay of Bengal by several uioulhs. Gangai 

e have alreiidy observed, U an Hindoo term for tiver generallj^ 
and is peculiarly applied to the river before us uu account of its u» 
livalled magnificence. The Hindoos be»i* a supiiTstitious veneralioBil 
, for all the ^leat rivers which fertilize Iheir country; but the walera 
of Ibe Ganges are held |>ecnliarly sacred. What lends to increase 
the veueratiou which is paid to iLe Ganges h, that its impetuous 
force, by which it has opened a passage iJirough mount Himnieklt 
and reappears, amidst inipending rocks, whicit the nalives considerij 
as forming a strong resemblance to the head of a cow, expanded U 
an immense size, an animal which is as higlily esteemed by the Him 
doos as the apis or sacred <t\ was in ancient times among the EgypJ 
Hans. No river in the world imparts greater heoefils to the regionv^ 
through which il passes; for by annually uvorJluwiiig ils banks liU 
the Nile, it waters and manures the country lo an extent of an huD-' 
(Ired niilea. The Hindoos having deified this river, make it an act of 
religion to go in pilgrimage to it; ihey suppose the waters lo purify 
from dclileinent such as baihe in them, and they bury their dead ii 
ita slimy shore. Il is, moreover, customary with ihera lo remoTl 
those who are on the point of death lo ihc banks of the Ganges, i 
of some creek which raus into it ; for, if an Indian dies in his om^ 
bouse, it is rased to the ground. The Hindoos do not always bnry 
Iheit dead, hut as frequently burn the corpse, when the ashes are 
carefully collected by tiie bramiu, who presides at the ceremony, and 
thrown into the sea or nearest river. Those who can aflbrd the 
CKpenee, have such ashes put into an urn, which is soldered up, and 
carried to be thrown inio the water of the Gauges. Rude simpli- 
city is ever prone to mistalie the blessings of liie Deily for the Del ly 
himself '. 

• There is a vciy excellent paper upon IhB couise of the (ianges and Buiriiii- 
pooter from ilie pen of Major Ri-nnell, in the Pliilosophieal Transactions, Vol. 
LXXI. ui. il, but loo long fat insertion in ihe present work. The retnlei who 
n dairout of puisuing fbt tubject fulher, nuy (urn in ic wiib gieai advan'iB 
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Besides tbese majestic rivers we ou[>l]t ni>t to leave unnoticed lli» 
Fenjab; ihc Goditveri, or Gatig*<i; the Nerbudda; tiic Kistna, a 
stream peculiarly sacred, tliai rises al Bulisur, uot tar to the south 
of Poonali, &nd is equally celebrated for the ferliiity it diffiises, and 
the rich diamond miues wbicli it visits, particularly those of Visia- 
pour and Golconda ; tlie Pennau ; the Paliur; and the Caveria 
which last passes by Seringa pa lam, iNe capital of Mysore, forming 
a wirier delta or triangle than any other northern river, and enter, 
iug into the sea after a course of about three hundred mil 

The EuPHKATRS is derived from two sources; one of whicfi' 
is about seventy miles from the shores of the Eimine or Black 
Sea, and running a circuitous course of live hundred leagues, first 
■oulh westward, an<l then sou'h.easlward, discharges ilseif into Ibe 
Persian gultl About an hundred miles uorlli-uesi <if Bassora it is 
joiued by the Tigkis, which risiug near lln' E><p(iMlr», proceeds 
iu a pretty straight course through Armenia MHJur, or lurcuraauia, 
until it forms ill junction, Ou this river tJie UDcieut cily of Nineveh 
is 9up|iosed to have stood. 

In the enormous exieiil of the Chinese empire there are tno riven, 
tliat on account of their length and majestic breadtlj, are peculiarly 
entitled to notice. These arc the Uoanho or Yellow River, and 
the Kiau-kn, 

The siiurces of the first are two lakes, situated amonest the moun- 
tains of Tarlary, known by the name of Kohonor. They lie about 
the 35" of north latitude, and 19° of Inngilude, to the westward of 
Pekiii, being according lo Arrowsmith's map of Asia, about 97° east 
from Greenwich, This prodigious river is extremely winding, and 
devtatei in its course, pursuing a north.east direction lo about the 
42° of north latitude; when, after running iluc east, it suddenly bends 
south to a latitude nearly parallel to its source, and pursues an cast- 
eriy direction till it is lost in the Yellow Sea. Its comparative course 
may he estimated at abnut 1800 British miles, or, according to Lord 
Macartney*! enibassy, 2130. At about 70 miles from the sea, where 
it is crossed by ihe imperial canal, the breadtli is little more than a 
mile, and the depth only about nine or ten feet ; but the velocity 
equals about seveu or eight miles in the liour. 

The Kian-ku rises iu the vicinity of the sources of the Hoanfao; 
but according to Ihe received accounts and maps, about 200 miles 
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further to the west, and vi'ifuh nearly as far to the aotilli as the Hoan- 
lio does to the north. Afler washing the walU of Nankin, it enters 
the sen about 100 miles to the south of the Huauho. The Kian* 
ku is known b; various names through its long progreu; and neat 
its courcc is called by the Eluts, Purlicho, or Pelchon : the coune 
is about equal to that of the Hoau-ho ; these two rivers being con- 
sidered as nearly or altogether the largest on the face of llie globe. 
They certainly ecjual if they do not exceed the htmous river of the 
Amazons in South America, and the majestic course of the Gnngei^ 
does not extend half the length. In the embassy of Lord Macarlneyr 
Ihelenglhof the Kian-ku was estimated at about 2200 miles; and it 
i^ observed tliat these two great Chinese rivers, taking their source 
from the same mountains, and passing almost close to each other in 
a particular spot, afterwards separate front each other to the dis. 
lanes of 15° of latitude, or about iCiO British miles, and finally 
discharge themselves into the xaine sea, comprehending a tract of 
land of about lOOU miles in length, which they greatly contribute to 
fertilize. J 

AFRICA. fl 

Of the rivers of Africa, the Nile is the most celebrated ; it U 
alao called Aianchi, which, in the Ahys^inian tongue, signifies " the 
father of rivers," and by the Africans Neet Shem, which means the 
£gyplian river. It divides Egypt into two parts. The extent of this 
river is supposed to be something more than two thousand miles from 
its source, amidst the mountains of Hie Moon, in Upper Ethiopia, to 
itj disemboguing into the Mediterranean Sea, by seven chatuiels, 
through which it has forced its way, two only of which are now na- 
vigable. The ancients were entirely ignorant of the source of this 
river, although many endeavours were used to explore it; but its 
ioiirces are now well known to lie in about the 1 3th degree of noitb 
latitude. It enters the lake of Damhia, in Abyssinia, crussing it 
one end with so violent a rapidity, that the waters of the Nile may 
be distinguished throughout their progress, which is six leagues. 
Here, according to Lobo, commences its magnificence ; and its ge- 
may venture to giva in the picturesijue but corred 
:ion of Thomson. " ~ 
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T!ie treasures Ihese, bid from the br>iiiiJe(l si-arcli 
Of ancient liiiowledge ; wheiire, ivilli annual pomp, 
Ricli Itiii^ of floods ! o'erfiow.i the sw^elliiig Nile. 
From ijis two springs, in Gojam'a sunny realm 
Pure-welling out, lie tbrougli the lucid lahe 
Of fair Dambea rolls bis iiifaut stream. 
Tliere, by the Naiads nurs'd, lit? sports away 
His playful youlh, amid the fragrant isles, 
Tbat with unfading verdure smile around. 
Ambitious, thence the manly river breaks; 
And gathering many a flood, and copions fed 
With all the mellow'd treasures of the sky, 
Winds ill progressive majesty along: 
Through splendid kingdoms now devolves his mate. 
Now wanders wild o'er solitary tracts 
Of life-deserted sand ; till, glad lo quit 
The joyless desert, down the Nubian rocks 
From thund'ring steep to sleep, be pours bis urn. 
And Egypt joys beneath the spreading wave. 

Lobo, from whom Thomson has copied his description, informs 
ustu addition, that " FiAeen miles farther, in Ibu land of Alata, it 
ruslies precipitately from tlic lop of a bigh rock, and forms one of Ibi- 
most beautiful water falls in the world. After Ibis cataract the Nile 
again collects its scattered stream among the rocks, nhich seem to btr 
disjointed in this place only to afford it a passage. They are so ncjir 
each otlier, that in my time, says he, a bridge of beams, on ^bicb the 
whole Imperial army passed, was laid over ihem. Sullau Segned has 
■ince bnill here a bridge of one arch, to construct which he pro- 
cured masons (rom India." 

Egypt is generally divided into Lower, Kliddle, and Upper. Tiie 
greatest part of Lower Egypt is conlaiued in a triangular island, 
formed by tbe Mediterrrmean sea and the iwo great branches of the 
Nile, wbich dividing itself £ve or six miles bi'li>w Old Cairo, one 
part of it flows to llie north-east, and falls into the sea at Damictia, 
the ancient Pelusium ; while the other branch runs loward the norlb- 
west, and falls into the sea at Roselto : hence tbb part of %ypt is 
called " the Delta," from tbe resemblance which it bears to tbe shape 
of the Greek letter of this name, constiluling a triangle. 
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Tlie water 19 tliick and muddy, eg|>ecia!ly ivhen Uie river U swelU 
I)y the Lcavy ratus wliicli cousUinlly Tail niiWia llic iropict'in the b 
giiitiiiig of our summeT. and wiiicli are doublless tlie principal] C8ii«ftfl 
ol' ils anaually overflowiog the low Uuds of £g}pt. Tlie uDcicat^f 
who were not much acquuiated wilh the cliiir.iles in these lutilude^l 
were for the most part consider-ibly perplexed when they eude»| 
vuureil to account for this annual deluge. Lucretius, however, I 
assigned its cause with his usual accuracy aud ingeauity in the foU 
Iriwiiig lines : Her. Nat. vl. 1712. 

Nilus in xstatem crescit, cBmpi9(|iie redutidat, 
ITnicus in terris, £g}'pti totius amuis : 
Is rigal i£g)ptuin medium )wr uepe calorent 
' Aut, quk Ruiit leilate aquilones ostia contra 
Anni lerapore eo, qui Et^sm e;se ferualur; 
Et, coalra fluvium flaiites, reiiiotaiitur : et, undu 
Cogenles sursus, replenl. coguiitq«e luanere. 
Nam. duUo procut, live advetso Dubra feruotut 
Flumine, qim gelidis ah Ktellis axis aguutur: 
Ille ex sesliferfl parie venit aiiiuis, ab aunlro 
Jnler nigra viiilm percoclo secla colore, 
Exorieiis peiiilus mediA ub regionc diei." — £;c. 

The Nile now calls us, pride of EbYFT's plains; 
Sole stream on earth ils bouuduries tlj<<t o'erflows 
Puuctual, and scatters plenty. Wlicn llie year 
Now glows with perfect summer, leaps its tide 
Proud o'er the champaigQ ; fur the north wind, now, 
Th' Etesian Lrteze, against its mouth direct 
Blows with (KTpelual winnow ; every surge 
Hence loiters alow, the total current swells. 
And wave o'er wave its tot\iest bank surmounts. 
For that the fixt Monsoon Ihat now prevails 
Flows from the cold stars of tlie uoriliero pole. 
None e'er can doubt ; while rolls the Nile adverse 
Full from (lie soulli. from realms of torrid heat, 
HauuU of llie ETHfoi'-tribes; yet far beyond 
First bubbling, distant, o'er the buioiug line. 
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■ Then ocean, haply, by lii' UDdi 
^M Blown up the channel, bcuves with every wave 
^M Heaps of bi^h sand, and dams its ivonted course ; 
^M Whence nanower, too, ils exit in the main, 
^B And with less force llie lardy slreani descends. 
H Or, towards its tbuntain, ampler rains, perchance, 

■ Fall, as tir Etesian ikns, unw wide.unftirrd, 
H^ Ply the big clouds perpetual from the north 
^1 Full o'er llie red equator ; where condens'd 
^H Pond'rous and low, a<;»ii)st the hills they strilvc, 
^H And shed their treasures o'er the rising; flood. 
^V Or, from the ETHlop.mountains, the brigbt sun 
^V yow full- mat ur'd, with deep- dissolving ray 
^M May melt III' agglomerate snows, and down tlie pi; 
V Drive iheiu, augmenting bgice, th'incipieut siream. 

■ Good, 

These ingenious conjectures of the cause of the periodical exun-- 
itations of the Nile, have been in a considerdhle degree veritied by 
modern obiervations: but the poet is misUihen in conceiving that Ihe 
Nile is the only river that periodically ovetHows its baitks : we have 
already noticed a similar plifcnomenon in the Ganges ; and it h Ihe 
same with all the rivers which have either their rise or course 
within the tropics; they annually break their bounds, and cover 
Ihe lands for many miles before they reach the sea. They likewise 
leave a prolific mud, which, like ihat of the Nile, fertilizes ihe 
land ; and, though the waters of these rivers are also very thick 
yet when they have stood for some time, they are neither unpalat- 
able nor nnwholesonie. The norlh winds, moreover, which begin 
to blow about the latter end of May, drive in tlie waters from tlie 
lea, and keep back tliat of the river, in such a manner as to 
siderably assist the swell. 

The Egyptians, and especially the Cophls, are persuaded that tl 
Nile always begins to rise on the same day of the year ; and, in- 
deed, it generally commences on the ISih or ifllh of June. From 
accounts of its rise for three years, Dr. Pococke observes, that 
Ik found it ascend the first five days from five to ten inches; 
and it thus contmued rising till it had attauied tlie height of mx 
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cubits, when the caaal of Cairo was cut: aTier llii< it conliuued 
rising sis wtelts longer ; but tiif u it only rose frum ihr^e lo ti»e 
incbra a day : for, spreiiilirig ovi>r the Iniid, aiiit euteriiig llie okihIi, 
though more water may riesceiiil than before, yet its rise is lesi 
considerable ; as after the opening of Ihut canal, the otlien arc un- 
closed at fixed times, uml iho^e that water the lower Krounds the 
last. Tliese canals are carried alnog the liiuliesi paits of the cuuu. 
Iry, Hint the ualtr may hence be conveyed to (lie vallii-g, 

Tlie Nile has one character of preal |jeculiarity. Other river* 
being supplied hy rivulels, llie ground is lowest near ihe baiika ; but 
IS no water flowA into the Nile in its passage through Egypt, and 
u it is necessary ihal tliis river sliould overflow the laud, the country 
is generally lower at a distance from The Nile tliau near il; uiid in 
most parts of the land Beems to have a gradual descent from the 
Nile to the foot of the bills, which may be said lo besin at ihoM 
tandy parts already meutioned, as beiug a mite or two distant from 
tbem, which, rising toward the mountaini ina gentle a.irriii, are 
never overflowed. 

The cataracts of the Nile will be dcscrihed in a subsequent 
section. 

The Sbnegal is Ibe next moat remarkable river in Africa ; called 

Ptolemy The Daratlus. D'Anville, who follows that ancient 
ipher, supposes it lo take it> rise among the mountains af Ca. 
}Aas, lying about 1 4^ north latitude, and nearly on the meridian 
of Greenwich. It takes a western course, tending somewhat 
to Ihe northward, through sixteen degrees of lonptudc, and, in- 
cluding its bendings, mual extend more than eleven hundred miles. 
It has this very distinguishing peculiarity, that when arrived within 
fifteen miles of the sea, it winds suddenly round lo ihe south, and 
proceeds in that direction through more than seventy miles, h lieu it 
discharges its waters into Ihe sea. forming at its mouth the liiile 
iiland of St. Louis, in latitude 16~' 10' north. This river is said 
to be navigable for near three hundred leagues up llie country ■ 
but the dangers to which Europeans are exposed by the terocity of 
the natives who inhabit ils hanks, dctar from all endeitvours lo ex- 
plore it, such attempts having proved fetal to uiokI of those who 
have ever embarked in it. 

Some geographets have supposed the Senegal lo he a coatinualion 
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of the Nigrh; but such an opinion is now generally li eld lo be er- 
roneniis ; il being believed thai the Niger discharges its rapid strenDi 
iiiloa lake not mure Ihan sixty niile^ distant from another take of 
great depth called Maberia, whence issues one of the tources of 
the Senegal ; but these two lakes are iulersected by a ridge of lofty 
moiinlains. The Niger is said by d'Anville, likeivise, lo bear the 
names of the Guin, or lea. That geographer chietty folhuvs Pto- 
lemy in his descripliou of Ihis river. He lays it down iu bis niup as 
spriucing from two lakes about two hundred and tiOy miles distant 
from each otherj the one he calls Semegoud, the oilier Kegebib ; 
lie pliices Hie most southern in 13° north latitude, while the oiher, 
which is the most eastern, lies about the twentieth degree of east 
longitude from Greenwich, The winding course of this niilu 
and land-girt river, lends to the westwardj and is supposed to 
terminate in another lake, called by Ptolemy ilfuratV, and \t'hii.'h 
d'Anville lays down in 15* north latitude, and 3° west longitude from 
Greenwich. 

The Gambia is likewise a river of very extensive course, wide, 
and rapid, to the snnth of the Senegal, and in its progress from lis 
source Iu its disemboguing, proceeds in a direction very similar lo 
the latter. It discharges itself into the Atlantic in 15° north la. 
litude. 

In addition lo what has been remarked by Ptolemy, d" nville, 
and other writers, may be subjoined the fnllowing more recent in- 
formation contained hi the evidence given by Mr. Barnes to the lords 
of llie committee of council, as laid before the house of commons 
ia the year 1792. 

" The river Senegal," says he, " is supposed to take ils rise from 
the western declivity of the mountains of Govina. The river 
Niger takes its rise from the eastern declivity of these inoun> 
tains," according to d'Anville. The Africans navigate both these 
river«, and in places where there are cataracts, carry their good* 
upon asses. The French trade in small vessels to fori St. Joseph, 
which is near tl;ree hundred and sixty leagues up the river Senegal, 
and JED sometimes hs far as the first cataract, which is about Inent; 
leuL'uea farther, where they purchase slaves, wlio are soj)posed lo 
be bumglit from places two hundred or three hundred leagues higher 
up Ihe country." St. Joseph lies in about 10° IS' west longitude 
from Greenwich. 
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Thti great river is extremely rapid at lis month, whicli Is attributed 
o so large a body of water being confiiie'l within so narrow a cban. 
nel, the moulh of the river btiii^ ooly half a league <iver, and cbcMked 
up by a bar, which render!) the pitsjHge excee(lni;;ly diliicult and <1uri- 
gcrous, especially in the rainy season, when the prodicioui swell of 
the river, and the south-weil winds, nppised to its rnpid course, raise 
waves of so prodiulons a hei^fbl at the bar, that Iheir I'lii^htng re. 
seinbles \he shock ol mountains, and are said to be so firions as to 
dash in pieces the stoutest ships : }t:(, acciirdiii;: to Labut. the uorst 
seaion, with respect to commerce, is in September and Novruibcr, 
1 the winds blowing northerly, exclude all navigation. 



I 

^BJbe smallest boats. ^^H 

^^V l^is bar is doublv dangerous, not only on account of ihc violence ^^H 
^tof the waves, but of ths shallowness of the water, and the shilling of ^^| 



is of the water, and the shilling 
tlie bar after floods and heavy raini, by which the channels are lost, 
aad new soundings become necessary to discover them. The Senegal 
vouM indeed be (jiiite sljut up were it not for one channel, four 
handred yards broad, and two fathoms deep, that has long kept 
its present direction. The most proper lime for crossing the liar is 
from March to Septemlur, when the winds are vanuble, and ilie bar 
continues fixed till the enduing rainy season. 

When the bar is crushed, a smooth and gently-gliding river is en- 
tered, which is four fatlioms deep. 

Tliese rivers have likewise their inundations, wliich overspread the 
wbole fiat country of Nigritia. They begin and cease much aboui the 
same tune as the Nile overflows, but jio ^uch salutary eflects are ex. 
perienced bete as in Egypt ; fur, uistead ol' health and plenty, dis* 
cases, lamiue, and deatli, follow in their train. The soil thrown up 
by Ibe Senegal, becomes unavailing to any ugricullural purposes, 
from the indolence of the savjge wanderers who occupy its banks, 
and ilie country lying unlilled, from its luicuriance produces i^reat 
abuudaitce of rank and noxious herbage, and lurni'^hes a conveujent, 
rrpositorv tor Vfimmous insect!> and rrpiile<, a^ well as for beasts of 
prey. Wliea the waters of ihese rivers retire rnio iheir chanaelf 
the humidity anil heal which prevail spread a peaiilemisl taint, whilst 
the carcases of vasi numbers of animals, which tlii' muudatioii had 
(wept away, become putrid, and spread around a loailisuine and 
baneful stench. £veu Ibe vegetntiou itself is charged with deslruc> 
C3 
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tion ; for among the plants which grow on the banks of llie Senegal, 
BOme (liifuse a sceot so powerful as to be insupportable to the nerves 
of smell. 

Turning from lliese scenes of desolation and liorror, let us snrrej 
the grand and benelicial assemblage of rivers which are disuc 
over Ihe countries of 



EUROPE, 



1 



The WOLSA, or Volga, is the river most extensive in its course 
of ani/ which rises in Europe, being above two thousand uailes in 
'ength ; ibe whole of which it passes through Ihe Russian territories, 
when il enters Asia about 4S° SO' north latitude, discharging its 
waters into the Caspian sea, by various channels, below AstracBH, 
and at the same lime producing many iilauds. 

D'Anville, who lays down the sources of this great river with his 
wonted precision, niahes the chief of them to issue from lake Ilmen^ 
in the government ol Novogorod, about 58° north latitude ; while 
Ibe next most considerable he derives from a much smaller lake, to 
the souih^ast, in the government of Twer. These two streams, the 
latter of which, bj more modern geographers, has been called the 
river Twerxo, unite at the town of Twer, near which the Wolga tirsl 
becomes navigable. On this subject Mr. Coxe speaks as follows - 
The vast forest of Volkoiiski, which extends ou the side of Smo- 
lensko one hundred and fifty miles, almost to the gates of Moscow* 
gives rise <o the principal rivers of European Russia, such as the 
Dvna. the Nieper, and the Volga; the sources of the two latter 
rise at small distances from each other, not fat from Viasma. 

The lianks of the Volga are generally fertile; and though not 
suHtciently cullivaled, on account of the frequent incursions of the 
Tartars, «t the soil naturally produces all kinds of esculent planU, 
and in particular asparagus of a very extraordinary size and goodness. 
It is C'bservable that most of the oaks in Russia grow in the coun. 
tries watered b\ this river. The Volga is navigable for large ships; 
and toward the end of the spring i= so swelled by the melting of Ihi! 
ice and anow as to cause great inundations, particularly in the 
months of May and Jime. The masters of the vessels which sail 
dowu the Volga to Asttacan, carefully observe this season, as thay 
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e D0W BOtfloh tk opportaMtr of a nfr pBH^ «««r Ike Ail- 
, bat aba imf mcnl fal hImIi. wftick fie K ■ o^iieaUr 
b andcr valet. IW T«lp ■«<■•« «««nl ii*^iij Mn^ 
kbUv Uw Ona tad Ckva, i^ ■tniiiJi with Ikd ^edes «f 
c called b€lmgm, fnm ten to o^Ikb fcctia kaglL 
The Don, the Tuum of tie mob^ ■ ca&d l^M ar Dmb bj^ 
^Ihe l^ilan, and bu its source sol br ftaai Tiria ib ihc InM Ob- 
it St Jobn's Lake. fifiatnMfiMiaHllilawMh,aMlifki 
iflaxarilb the Sana, rftracM te coanc baa aol ■• eM. ■■< 
»al large ai l ii n, i t^m iaa> bam Baclb la mmI^ balak 
fetiivtl^diridine into dM«ednaaeli,falbiBtalbe*ca«fAM|>b. The 
B^Satern of tbc Doa are lliidi nti cball^, coMe^KsUj sot « my 
lal diitiL Tbit liver b *eij fbaUcnr m ■aiiiia i. aritai il ■ 
D lull of nod-banks 1 it, bowcrer, afiotds pleat j ol tMge a«d 
i fisbes. In its conne il approaches so aeai ibe Volga, ibal ia 
IliM place (laiiiade 4^), ibe dittauc« betweea iIm-oi is but one Uniw 
I Tofly wents or about dghtj Englitfa luilrs, which led 
Felcr ihe Great to fonn a design of joining the*« two livers by 
mcaiu of a canal, and Mime progress ms made in ibe work, but be 
did iiol lire to complete It, aud bis sueceisors have not tliougbl fit 
toresuaie Ihe project. 

The DwfNA IB a very large river : the name signifies dombU, h 
being formed by the cotidus uf the Sokona and the Vug. This nwtx 
diridea ilself iiilo twi> brancbe* or channels near Arcbaugel, nbeoce 
il runs in<o the While Sea. 

TbeNiePBR, the ancient Bonatheoes, riies from a morass in the 

forest of Volc<iuski, about one hundred an<t twenty miles from Snu^ 

leiuko, and makes several windings through Lithuauia, Little Kussia, 

the country of ihe Z^poro Cossjicks, and a tract inhabited by the 

piian Tartars; and after foiming a marsiiy lake ul sKly wersis in 

Iglbi and in many places two, four, or even ten in briiidlb, dis- 

lBrge« itself into the Black Sea. The banks uf ihis rivet iire on 

qth sides getierally high, and the soil eKcellenl ; but in summer the 

It very wholesome. Tlie Nieper ha^ no less than iliitti-eu 

r- falls within Ihe space of sixly wersts; yet in spring, during 

e land-floods, empty vissels may be hauled over Ihem. It Bhouudi 

b sturgeon, sterled, carp, pike, karaush, &c. Tiitre is hut uue 

bridge aver this rivett and that is a fioating one at Kiow, otie thou. 
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■and six liunilred and lliirl>-eiglit paces in leii>>tli. Tliis bridge \\ 
taken away aboul I lie end of Sepleiuber. tn give tlie flakes ol' ice a 
free passage down the riveri a<iil is usiiiii put logcllier iti ihe -ipring. 
There are to be seen on this river a great number of wills erected 
in boats. 

In describing the rivers belonging to llie vast empire of Russia, 
the Neva must not be omillerf. Il issues out of ihe lake of La- 
doga, and in ils short course h broad, rapid, and navigable; upon 
islands formed by the ditferenl branches of this river, a cutisiderable 
part of the city of St. P^lersburgli, biilU by Peter llie Great, is 
erected. Its whole course is no more rhan forty En^lisli luiles, and 
it discharges itself into the gulf of Finland. The Neva is about 
eight hundred paces broad near St. Pelersburgli : bui has not every 
»bere an equal depth of water, so thul large nierchdnt > hips are 
cleared at Cronstadt, and the men of war built at St. Petersburg]] 
are also rnriveyed thither by means of certain machiuea called 
camels. Beside the Neva, the riveri Foritanca and Moica contribute 
to form the islands on which the new metropolis stands, which ii 
also watered by several canals ; IVir in this respect the emperor look 
his model from Amsterdam. There is but one bridge over the 
Neva, which is constructed with Urge flal.bottomed boats, and 
joins the dutkvard to Bi*ili Ostrow, or Basil's Island. These are 
laid across the river in the spring, so as to form a safe and conve- 
nient passage ; bul they are always removed in the autumn, before 
the frost begins. The only communication between the other islands 
is either by boais or barks, which cro^s the wafer at staled times ; 
but bridges are huilr over the Moica and Fonianca, and likewise over 
the canals. Si.Pelersburi^h ii much exposed lo iimnilaiions : ia 
September ;777. "iie rose to a very great heiglil, and did prodigious 
iiyury, especially to ihe property of the merchanls. 

The Danube, Iheancient tster, is the next considerable river in 
Europe, in wliich quarter it rises and terminales, lis uhole course 
is near fourteen hundred miles. Its souri-e is in Swabin, within a 
few miles of the borders of Swisserland, lalilude 48'* N. longitude 
$0 E. whence the Hhiiie issues ; the direction of [he Danube is east- 
ward, that of the Rhine north-westward. The former inleraecta 
Bavaria, Austria, Hungaryt and at Vaez, a town in Ihe lailer king- 
dons turns southward, tt divides the banuat of Temesvar from 
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KServia, and Wallacbia from Bulgaria, discliarging ilself into tlie 
ine or Black Sea, by severul clianneli, abuul 4J>> norlli lalilude , 
2Si' east longitude, with such violence, lliat ils waters are dii* 1 
■tiiigu is liable for several miles frnin those of tlie sea into wliich thejr i 
tare precipiliited. It is said lo receive sixty uavigable rivers in i 
ft coarse, aad an equtil number of smaller streams. From Buda, in 
c ceoire of Hungary, lo Btlgraile, on the norlhern confine of Ser- 
1, it U so dec)), as well as broad, that iu the wars between the 
jplirislians and the Tuiks, each power has had fleets upon it, and 
requent naval engagements have taken place ; farther down it is J 
tendered uuuavigiible by ils many cataracts, 
(illi the Black Sca by means of this great rive 
(tical.le. 

Of all the parts of Europe, Swisserlaud is the country in which 1 
Blhe grealesl number of rivers take their rise. The principal are tht 1 
|]liiiNB, a name given by the Swiss to streams and rivers in general; I 
are in the country ot the GHsous, and are divided into the 
he Middle, and Uinler, or IJiuder. The Anterior or ' 
I Upper Rhine issues from a small lake on a mountain commonly 

called the Oberalp, and by some Cinia dt Baduz. The source of ^ 

Ltbe Middle Rhine lies iu Luckinauier, a pari of the Adula chain, and, 

Mfter a course of about eighteen miles, joins the Anterior Rhine. 1 

Vhe Hinder Rhine rises about nine miles distance, in a mountain j 

tailed by the Italians Monte del Uccelo, or Bird'a-hill. The Rhine J 

is first tbrmed by a water which issues out of two rocks of ic 

Furka chain, and precipitates itself with a thundering noise Uetweea i 

rocks of an astonishing height, which receiving several rivulets a 

its course, runs into the lake of Geneva, and re-issuing from it^ ' 

Vlraverses the vicinity of that city, and after watering a small part •] 

npf Savoy, enters France. The Kuss or Keufs is an adjoining river J 

I'Whicb issues from the Lake Luzeadra, on the mount St. Gotthardi tl 

md having joined two rivulets, precipitates itself ihrougb a deep and <| 

[narrow valley down several rocks; but at length becomes morel 

l^tie, and then falls into the lake at the Four Forest Towns ; but sXA 

Lucerne again makes its appearance under its former name, and si 

after receives the Lesser Emmat, or Enimen, which rises in 

moimtains, and at last discharges itself into the Aar, Arcn. Thislatt^ 

1 iver, which proceeds from the mountain of GriiuscI, at length I'alli^J 
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into llic Rime. Tlie Tciin, in Italiau Tesino, rises parlly i 
lakes oil the inouiil Si, (ioKharH, and parllj ('mm ( 
on the mouiilaiiiSj and after paasinjg ihrougli llie vallev <it Levis, 
and Itie L)ii;<) M.iugiore, eulcra ihe ilunh^ of Mitdrj, aad i>t leitglli 
loses itself in the Po. Tlie Rhone, anollier river «hich ri^es iu 
SwksL-rland, will be spukeii of hereafter. 

Not far from the rise of the Rliiue, at u sniail distance from the 
lake Constance, a t< ry i>iL<gular biidge is thrown over ihat river at 
Schaflliausen, which is much admired for the beauty and singularity 
of Jla arrhilecture, and wu9 built about ihe middle ot last century. 
The rapidity of ilie river had curried away several alone bridges, 
built upon arches of the strorge^t eonslruction ; at length a com- 
mon carpenter, named Ulnc Gruhenham, undertook to throw a 
Wopd«ii one, nf a sioale «rch, across (lie river, although it is more 
thai] three hundred feet wide. The iiiugisl,ale«, however, insisted 
that il should consist of two arches, and that he should make use, 
for Ihat purpose, of 'he middle pier of tiie old bridge, which re- 
mained eniiie. Thearcliilecl obeyed, but lie constructed his bridge 
ID such a niar.iier that ii is not at all supported by the middle pier; 
and it noiild have been equally »a(v, and considerubly more beauti- 
ful, hiid it consisted solely of one arch. The sides ami lop of this 
bridge are covered, anil the road over it i^ nearly level. Il is what 
the Geniiaiis cull a liaiiuewerk/ or huiL[ing bridge; the road not 
being evirried over the top of the arch, but along the middle of i^ 
and there suspended. The middle pier is not quite in a right line 
with the side piers, whith lest on each ihore. but forms with them 
a very obtu=e angle, pointing down the stream. The distance of 
the hiiddle pier frutn the shore next the town is one hundred and 
■eventy one feet, and t'r'^m the other side one hundred and sixty 
four, making in appfurance two arches of u surprising width, and 
ibrming a most benuliful per^gieciive when viewed at some distance* 
A man of llie slightest weiphi, when walking upon it, feels il tremble 
nnder him, yet waggons henvily laden pass over il without danger* 
and although in the laller case the bridge seems almosl to crack 
wilh the pressure, il does not appear to have suffered the least da- 
mage. What seems almost incredible is, Ihal ihi- architect was to- 
tally ignorant uf mutliumaiic?, and k<iew nothing of the theory of 
■nechatiics, so that tins wonderful undertaking was accomplished 
merely by tlie force of natural abilities. 
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Tbe RI)!ne runs westward to Basil, and then proceeds in a drreo I 
t ton due north, along the eastern border of AUac, till it receive! 
the Maine, a little below Frankfort, then proceeding north-west. ' 
ward, it enters ihe Netherlands. Its viluilu LOun<? runtiut be 
lc«« ilian seven hundrei' miles; the cities of Menti, Coblruti, Co> 
logue, Dusseldorr, Wesel, and Cleves, are silnmed im its banks. 
The circles of the Upper and Luvirr Rhine are iDtersecied by it. 
Ill ite course along Alsacei it Trequetitly causes terrible devastatiuii% J 
not oaly in winter, but in the midst of summer, when Ihe anoW j 
metis on the Alps. Its inundations then ruin the tiilds, by cuveriiif, i 
lliein Kith sand. The violent torrents of the Rhine, which gene* 
rally happen every jear, frequently alter the situation of the isl.mdl ' 
ffilhin it. Oiii' singularity of this river is, that in its sand are found 
particles of gold, which Ihe torrents in their fall wash from the A\ptf 
and bring into it ; hetice it is only beluw Basil that the sand cunlaini 
tbb precious mixture, whicli b autumn and winter, when Ihe r: 
at Ihe lowest, is drawn out with llie sand, from which, aiier passins • 
through several waters, the gold is extracted. The particles of ihia 1 
metal am seldom so large us a grain of millet : Ilie gold is indeed 1 
very line and beautiful ; but is so scarce, that the city of Strasburg^ I 
which has the privilege of gathering gold for the length of lour 1 
lliuusaiid paces, scarce collects live ounces in a year. The Khin* { 
also contains many ciyslalK, and particularly pebbles, that receive « 
beautiful polish, and are much used in France under the name of 1 
Rhine pebbles. 

At Utrecht it divides itself into two branches, which are called 
the Old and New Rhine, both of which traverse the city through '' 
its whole length ; one of these branches loses itself in tbe si 
low Leyden, the other takes the name of the Lech, and tails into the i 
Mayne. Thus does this grand and important river, after so long 
and useful a course, terminate obscuruly, without pouring its aggre* ' 
gated waters into (he coinmun receptacle, tbe ocean I 

The Rhone or Ruodian, rises in Ihe Glacier of Furca, iieir I 
tbe province of Uri, m Swisserland, but in [he nurlh easlerii bor. 
Jer of the Valais. At lirst it i)recipilales itself with great nuiie 
among several rucks, and down to the very plain in the valley bu 
tbe appearance of a single cataract, with several cascades. 
lAerwards joined by tbe Meyenwang stream, which issues from the 
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Grimsel moimlam, and llien directs its course from east li> west, 
till, afler a winding tioitliward, it ilischarges ilself with great impe* 
luosity uito llie lake of Geneva: all tbe streams uud lesser riveraiA 
llie Valais issuiug fiom the luountaiiis mingle with il. J 

The waters of the Rhone rush into tlic lake with hucIi rapidilyp 
that fur the distance of liulf a league, tliey continue unmixed with 
e of the lake, tlie one being very foul, anil the otiier very clear ; 
bul aflerwards, sajs Keysler, tliere is do vidble distinction, llioui^li 
some of Ibe ancient, und some modern writers, aflitm tbe contrary, 
setflux from (be lake it forms an island, on wbicb, together with 
the banks on liolb sides, the city of Geneva is built, heiug divided 
into three unequal parts, whicli have a coniniunicatiun by foi 
bridges. Onward it I'urnis the boundary between tVdnce and Sai 
It then takes a westHanl direction, and dividing tbe late province (>| 
Burgundy from tliat ol Daupliiny, it flows to Lyons, from which city 
il proceeds due southward, forming tbe eastern boundary of Langue* 
doc, and at llie city of Avignon begins to divide it from Prtivcnce. It 

.charges its waters into the Mediterranean by several mouths, a 
little below Aries. On tbe brinks of tbe Rlione, between Valeoce 
and St. Vdliere, a peculiar kiud of grapa is cultivated, from which 
an agreeable, but rougbisli, red wine is procured, which bears tlie 
tiinie of heymilage, and is considered as very wholesome, as well as 
excellent in point of taste. 

The VtSTCLA, or Weiskl, in Polish the Wisla, rises Bmong tlie 
Carpathian mountains, on tbe confines of Silesia and Upper Hun. 
gary; its course in in a norlh-west direction through Little Poland, 
a part of Masovia, of Great Poland, and of Prussia, and falls by 
three mouths into the Baltic, below Daiitnc. Warsaw, the capital 
city of Poland, and Thorn, once a place of considerable trade, are 
situated on its banks. Great quantities of grain and timber, the 
growth of Poland, are sent down this river to Danlzic, and there 
exported to foreign couulries ; but tbis trade has been greatly 
checked of late by the heavy duties imposed upon it. 

The Elbe rises in the Giants' MouulaJn, in tbe principality of 
Jauer, in Silesia, not lar from the source of the Vistula. In Saxuuy 
it divides the capital city Dresden into what is called tbe Old and 
New Town, which are united by a stone bridge, six hun ' ~ 

eighty-live paces long, and scveuleea broad, coiilaiuiug 
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ferdies. MeUsen, len miks nrirt1i-»esl of Dre^ili^n, b likewise silu. 
ated on Ihis river, nvcr wliicli is a biidge, suppurieil by sioiie piers, 
but ibe upper purl h of wood : tUis bridge it coiisidm-d at a masleiy 
piece of art, the middle ardi, tvhiih is seveotvlive paces Mide, txring 
kepi together bv a single wouden pes:. The tllbe bounds ihe Old 
Maik of Braiidenbiiri; lowaid llie east, and lliere receives the Havel. 
It is the principal river in Lower Saxony. Al Hamburg it bcciimei 
extrcinel) broad, and has siiAidenl dtplh for large ghijn: it di< 
cfiarges its waters Jntn liie German Ocean, by the fortress of Gli 
itadl. Few kinds of fishes are fniiiul in ibis river. 

The principal rivers of FranC£ which have llieir sou 
kingdom are the Loire, the Garonae, and the Seine; Ihi 
charge their waters inlo the AtlHn'ic. The Loire is a larger nver 
tliao the Rhone. It rises in tlie .mouniains of Cevennes, in Lttn- 
guedoc (now distributed inlo five departments) ; it lakes its course 
north and norlh-west, till it passes the citj of Orleans, in the Or- 
leanois (nou the department of tlie Loire); it uflenvard pi 
couree s<)Ulh-west and west, by Tours and Angers, and discbargei 
itself into tiie Bay of Biscay, forty miles below Nantes ; its wl 
course, witli all its ivjadings, is computed to he five hundred mill 
receiving in iis progress the Ailier, Clier, Indre, Creuse, Vieniie, and 
Maine. I( has a comniuniculion with the Seine by means of the 
canals of Brialeand Orleans, hi November ljgo,H overflowed its 
banks, and laid a large extent of cuuntry under nater. 

The GakoNNB rises at the foot of the Pyrenees, in the county 
Coinini^es; it becomes navigable at Murel, on ihe confines of Lai 
guedoc; in Its course it is joined bj manv rivers; it passtij Toulouse 
and Bourdeaux, below which it receives the Dordogne, a river nearly 
equal tn il in ronsequeiice ; Ihese united streams llieu lake the name 
of the Oironde, become very broad, and disembogue into the bay 
of Biscay. By means of lhi« river, and a nobie canal, a junction has 
been formed betweeu ihe Mediterrunean Sea and llie Atlantic 
Ocean. This canal is a work of such grandeur and utility thai we 
cantiot conseut to pass it by without a more delailed descripliun. 

The Royal Canal, formed in order to make a cominunicatioB 
between the Atlanlic Ocean and the gulf of Lyons, in the Mediter- 
ranean, of such extent, that vessels might pass f 
other without going round 
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works that an; coiiittry has ever produced. Uuder [^uis XIV. 
Paul Riquet, of Bvzieres, after eniployjng tweuiy years in a miaule 
consideration of every particuliir relating to il, during which he had 
DO other counsellor thui his gardener, completed his plan. The 
first slone was laid in the jear i667i Qi'd the canal was opened in 
1681, but It was uol completed mini many years after. 

It begins iu the harbour ot Celte, ou the Mediterraneau, and tra. 
verses the lake ot Tliuu, and a quarter of a mile below Toulouse is 
conveyed by three sluices into ihe Garoune. It is every where 
six feet deep; so that a cargo of eighteen iiundred quintals may be 
forwarded to any place upon il, and its breadth, from one bank t« 
the other, is a hundred and forty-four feet. 

At St. Ferreot, a (juurter of a mile below Revel, between two 
rocky hills, that are in the form of a half.moon, is a tar^^e resirvoir, 
twelve hundred fathoms in length, Ave buudred iu breadth, and 
twenty deep, the whole surface being six hundred and eij^hly- seven 
thousand four hundred and tliirty.eight feet. Into thb bason of 
water Ihe rivuJet of Laudot, which runs down Iha bills, is reteived, 
and inclosed by a wall two thousand four hundred leet long, a hun- 
dred and tbirty.two in height, and twenty-four feel thick, having a 
strong dam, defended by a atrong wall of free stone. Under the 
dam runs an arched passage reaching to the main wall, where three 
targe cocks, of cast brass, are turned and shut by means of iron bars : 
and these cocks discharge the water, through mouths as large as a 
man's body, into an arched aqueduct, where it runs through the 
outer wall, beyond which it goes under the name of the river Lau- 
dot; continuing its course to the canal called Rigole de la Plaiue. 
Thence it is conveyed to another fine reservoir, near Nauruusr, two 
hundred fothoma in length, a hundred and tit^y in breadth, with the 
depth of seven feet; and out of this bason is conveyed, by means 
of sluices, both to the Mediterranean Sea and to the ocean, accord- 
ing as the canal requires it. Though the above cock* remain open 
for some months successively, yet there is no visible diminution of 
the water in the great reservoir. Near Bezieres are eight sluicei, 
which form a regular and grand cascade, nine hundred and thirty- 
■ix feet lung, and sixly-siK high, by means of which vessels may 
pass across the river Orb, and continue Iheir voyage on the caual. 
Above it, betneen Bezieres and Gape^tan, is ilie MaLPas, where the 
canal is conveyed for the lengtb of a hundred and Iwentv^i^oDiSv 
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under s mounlata cut iota a rcrv toftj ana'lr, Ibe grealest part of 
which is lilted wilb free stone, except toward the end, nrhtre it • 
only bewn tUmugli tUe rock, which b of a sol^ calcareoua rabM 
^laDcc At Agde is a round sluice, with Ihrce opening thrre diM 
ferent depths of the wtiter meeiing ai this place ; and the gates an 
BO ingeniously contrived, that tessels may pass Ibrough hjr opening 
which cveT sluice the master pleases; an invention dial struck tbc 
great Vauban himself witbadmiralion. The lesser riven and stieaui^ 
that Blight have prejudiced the canal, have been carried under it kg ^ 
water-courses, forty-four in number, beside eight bridges. | 

lliis canal coit thirteen millions of livres (something more thia 
half a million sterling), part of which money was furnislied by ibe 
king, and part by the stales of Languedoc. The king generously 
granted to Riquet, the projector and conductor, and 'lis male heir% 
all the jurisdiction and revenues belonging to it; so that the crown 
was not to come into possession till the esiiuclion of bis laroily. 
Ships passing on it, for every hundred weight paid twenty sous (10& 
English), and even Ibe king himself jtaid the same loll for niiliiaiy 
stores, inc. sent by way of this canal ; so that the revenne, especiallj 
in lime of a brisk trade, was very considerable. However, tha 
charges attending it are also very great ; for the salaries of the sft> 
veral directors, receivers, comptrollers, lieulenunts, clerks, and 
watchmen, annually amount to one hundred thousand livres (4O00<. 
sterling), beside an enormousgreatexpenceinrepairs. The Con nil 
of Caraman, descendants of Riquet, were also obliged to keep 
passage- boats, which are drawn by mules or horses ; these go anti 
return at slated times. According to Mr. Swinburne, 360 boats 
navigate this canal, each of which perform annually six voyagci. 
The conveyance of goods is paid for by the league, passengers pay 
by the day. The proprietors of the works receive a thousand 
livies (43f. I5t. sterling) each voyage, llie whole annual income, 
Ihe same writer stales to be 2,160,000 livres (C)4,500/. sterling), 
Ihc current expencea and costs of repairs are supposed to amount, 
one year with another, to 1,610,000 livres (70,4J7J. IOj. sterling) 
pet annum, and the net profits lo 550,000 livres (34,rxi2/. 1 0«. ster- 
ling). The length of this canal from Toulouse to Bezieres, where 
it joins the river Orb, is 125/135 French loises, equal to one hundred 
and fiAy-two English miles. " The system of inland navigulion," 
obwrvea the ume writer, " has lieeti lo much improved of hte 
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years, that I inalce no doubt that this cuiial wauIH lie sliorfened many 
leagues, were it to be underlaken afresh. It is full of angles and 
turns that do not appear necessary ; and on the coiilrarj, in one or 
two places has been driven straight at an enormous expence, IhrotigU 
numberless obstacles, when a short sweep would have conveyed the 
waters, witli |L;reaIer ease, and less espence, lo ihe place of llieir des, 
tlnalion. There ate tiflecn locks upon it in the fall toward the 
ocean, and foriy.tive on the side of the Medilerraneaa. The highest 
point between the two seas is at Naurouge, whicli is elevated one 
hundred loises (more than two huudred jards) above the level of 
each shore. The canal is carried over thirty-seven aqueducts, and 
cros^d by eight bridges." 

The Seine rises near Dijon, in Burgundy (now the department of 
Cole d'Ore) ; it proceeds in a norlh>wcstern course. On ihis river 
Paris is shualed. It consists of three parts, iiidepeudenlly of ils 
twelve suburbs, namely, the town, which lies on the north of the 
Seine, the cily, which is environed by thai rivir, and the university, 
which lies lo the south of it. The city comprises three islands, 
formed by Ihe Seiiip, which are, I'isle dn Palais. I'lsle de St. Louis, 
and I'ble Louviers : ihe last is small, and contains only storehouses 
for wuod. The isle dii Palais cammunLcates with other parts of Ihe 
city by means of seven stone bridges, llie principal of which is the 
Pont Neuf, or New Bridge, the finest bridge in Paris. It coniiists 
of twelve arches, and is seventy-two feet brnad, reckoning the pa. 
rapets. Tlie middle, or carriage-way, is thirty feet broad, and on 
each side is a raised footway. 

Over the piles on either side are also semicircular lodgments, in 
which are an hundred and seventy-eight small shops, fornurly be- 
longing to Ihe king's footmen, which, like those formerly distigufing 
London- bridge, only serve to obstruct a most beautiful prospect. In 
the centre of the bridge stuod once a tine equestrian statue of Henry 
IV. in brass larger than life, and standing on a nrarble pedestal, on 
the sides of which were biisso relievos, with inscriptions, representing 
the victories and prnicipal actions of that hero. At the four coiners 
were tied four slaves, also of brass, who trample upon antique arms. 
This stately monument was inclosed within iron rails. Another orna. 
ment of the Pont Ncuf is the ^amaritaine, a buildhig three stories 
bight in which is an engine that supplies some parr-< ut' the city with 
water. It was thus uamed from ils costainiDg in the front a groupc 
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of figures representing the story of CbnsI and llie Saniarilai: 
These statues were takep down by order of llie Nuliunal Com 

A u other bridge, culled the Pont au Change, had also a slalue 
of Louis XIV. in brass; and both this and the bridge of Noire 
Dame, on which are also water-works, have each two rows of 
houses upon them ; those of the first being four, and of the last (wo i 
■lories bigli. | 

Tlie Seine, passing through Normandy (now divided into five de- 
perliuents), visits Rouen, and falls iuto (he British Channel Dear 
Havre de Grace. 

Tlie great and small rivers in Spaim are said to amount to au 
huiitlred and fifty ; the principal of these are tlie Minhu, which rises 
inGalim; the Douro, which has ils source in Old Castile, in a 
part of (he niounlains of Idubeda ; the Tagus, rising in a mountain 
in New Castile, wliicli it passes through, the city ol Toledo beini; 
siluated on its banks, and the river encompassing it in the form of a 
hnrse shoe. It bounds the Portuguese province of Beira to the 
south, passes through lliat of E&tramadura, and discharges itself into 
ihe Atlanlic. Lisbon, the capilai of Portugal, is situated near Jto^ j 
mouth. All the great rivers of Portugal have Ihei 
Sjiain, Thus the Guadiana also issues from New Castile, deriving j 
its source from some lakes, at a small distance from which it takn 
ils course between high inouataius, in which it conceals itself for ' 
near three miles, and then re-appears in a fenny soil, but soon hides 
il^elf again amidst reeds and rocks, which probably gave 
to the mistaken idea of its losing itself under-ground. 1'his rivei 
K^niles the Spanish province of Andalusia from Portuguese Al' 
garva. The Guadal<iuiver, or Great River, by tiic ancients called 
BiElis, and Tartessus, begins its course in Andalusia, where several i 
nnall streams issuing from Mount Segura unite in a lake, from which 
lliis river flows. From Corduba to Seville, it is passable only by 
small craft ; .but from the last city to its moulh, it is navigable by 
ihipa of burden, though dangerous on account of its many sand- 
banks. The Ebro rises in the mounlains of Sanlillane, in Old Cai- 
lile, from two springs, and receives upward of thirty brooks in itx 
course, becoming navigable near Tudela ; its navigation, however, 
is dangerous, on account of its many rocks ; at Lnglh it discharges 
itself with great rapidity into tlie Mediterraneau, and ils moulh fonnit 
tlie little islaud of Alfacs. 
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All lliese rivera aboiiud in fishes; and the tliree principa), the 
Douro, the Tagus, and the Guadiane, divide th« kingdom of Spain 
into three parts. 

In the province of Andalusia is the river Tinto, or Azeche, the 
water of which cannot be drunk ; it is accused, indeed, of being 
noxious even to herbs and the roots of trees, and hasno kind of fish, 
or any living creature, to inhubit its waters. 

To close the survev of rivers on the European continent, some of 
those in Italy must necessarily be spoken of; in which country the 
Apennine mountains take their rise near the Alps, on the sea.coast, 
in Ihe territories of Genoa, and dividing Italy into almost two equal 
parts, resell to the straits that separate it from Sicily, and give rise 
to an incredible variety of rivers tliat water this delightful country. 
The largest and most remarkable of the rivers of Italt are the 
following. 

^ The Po, which rises in mount Vim. in Piedmont, fme of the 
liighest of all Ihe Alps, and after receiving upward of thirty small 
rivers, discharges itself into the Adriatic, by seven different mouths. 
It passes througli Monlferrat, the Milanese and Mantua, laves the 
borders of tlie Parmesan, and a part of the Moclenese. Il often over, 
flows iu banks, causing great devastation. The Adige, in Latin 
Athetis, has ils source in the Rhxiian Alps, and waters .the cities of 
Trent and Verona, it being the only large river in Lombardy, and 
instead of joining the Po, runs, like that river into the Adriatic, 
The Amo flowing from the Appennine mountains, and falling inta 
the Tuscan lea near Pisa. Tlie Tiber, which rises out of Ihe Apei^ 
nine mouolains, and at a small distance from Rome, empties itself 
into that part of the Mediterranean called tlie Tuscan sea. It is 
known in Italy by the name of'Tivere, Its waters are generally so 
thick and nmddy at Rome, that even horses are not watered in its 
■tream ; but after standing two or three days, it works itself clear, 
and becomes lit for drinking. The bed of the river being raised by 
the ruins of many homes which have fallen into it, and its moulli 
much choaked up, it frequently overflows its banks, more especially 
when a strong south wind blows. 

The principal rivers of England are the Thames, the Severn, the 
Trent, and the Humber. 

The TuAHU, if connidered with respect to ils course and navi- 
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falion, b not to be etjiialled by any Hver in the known worid. It 
tiju Troin a sniall spring a little to tlie soutb-nmt of Cirencuter, iu 
Gloucestenbire ; and, takiag its course eastward, becomes nangable 
St Lecbtade lor vessels of fifty Ions, and Ibrre receiver Ibe river 
Colne, about one huodred and thirty-eigbt miles from London. 
From Leclilade >t conliuues its course north-east to Onford, where 
it receives llie Cliarweli ; after wbicb it ruiu soutb-west to Abing- 
don, and thence lo Dorchester, where it receives the Thame, and 
continuing its course south-east, flows by the borders of Berkshire. 
Budunghamshire, Surrey, Middlesex, Esses, and Kent. In tbis 
eitensive progress it passes along a multitude of towns and fiue 
pitluresque villages ; and having visited London and Westminster, 
proceeds by Deplford, Greenwicb, Woolwich, and Graveiend, 
l» the sea. It is impossible to represent the beauties with wbicli 
lie bunks of tbis noble river are embellished from Windsor to Lon- 
Am; besides numerous villages, they are adorned with magnificent 
irats aad gardens of numerous nobility and gentlemen. The tide 
I lows as htgb as Ricbmond in Surry, wbicb, following the winding 
course of the river, is seventy miies from the sea> At London the 
<ltplh is sufficient for the navigation of large ships, which renders it 
<i» greatest port for trade in the universe. The water is justlj 
esleemed exceedingly wholesome, and fit for use in very long voy. 
>iti, duriag wiiicb it will work itself perfectly fine. It likewise 
tlmunds with a great variety of fishes. 

Thehcst description of this renowned river is lobe found inSirJobn 
Dtiiliam's poem of Cowper'a Hill. It is as follows; and the fine 
umile with which it c<}ncludes, and particularly the sweetuess of the 
lines in which the simile is conveyed, have been objects of admini- 
liOD and perhaps of envy by every succeeding poet. 

IThanie!, [hemoslliiv'dof all tlie Ocean's 90iif 
B]' hi) ul(] lite, lo hii riobraceE rnni i 
Hailing tn pay his iribuie to the lea. 
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Nor 



bi5 blcMings l< 
and camman i 



iibanka cnafin'd. 



Whf re he, lo boait or to disperse his elores. 
Full of Ihc tribute of lii<i gratefnl tbores. 
Visits tb* world, and in hii flying low'rs 
Brings liome In as, and mnkes both Indiei oors t 
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So (hot tn ui no (hing, nn place is 'liange, 

While tiia rair bomm is the world's eidtangr. 

O cunld I Sdh like thee, and make thy itrram 

My Rfeal ciamplt, nrlt Ib my Ihemc! 

Thou:;hdrep. yplclFBr; llioagh genllt, yft nnl dull j 

Strong nithoutrnge, iridiont o'crBowing full. 



Jtllliough it is the current opinion tliat tlie Thamea had ilsn 
from the conjunclliin of ihe Thame and Isis, }rei it is always called 
Thames b<;fure il comes near the Thame. This tlie annotalor on 
Camden proves from anck-nt records, and adds, ■■ IE may be safely 
affirmed, that it does no! occur under the name of his in any charter 
or authentic Iiislory ; and iliat the name is no where heard of, ex. 
erptamon^ scholars; the common people !ill along, from (he spring, 
head to Oxford, calling it by no other name but that of ihe 
Thames." 

The Severn rises from a small lake on the vast mountain of 
Plyniimmun, in Monigomerjsliire, and is the principal beauty of ihe 
eoiinty, in wlikh it recciTe»3omany small streams, that it becomes 
navigable near the town of Mnnlgoinery. It passes through ihr 
middle of Shropshire; on its banlis are Ihe towns of -Shrewsbury and 
Bridgenorlh ; its course is through the centre of Worcestershire, 
from north to south, the city of Worcester and toivn of Tewkes- 
bury being here sealed on its margiu. Entering Gloucestershire, it 
tuns by the city of Gloucetier, and discharges itself into a large bay, 
which, from the commercial city hi its vicinity, is called the Briiilol 
flhannel. Abnut fiftecQ miles from its month a navigable canal has 
been conslTUCted, which conveys tbc waters of the Sevein to within 
■bout two miles of Cirenceater; they are then carried by a tunnel 
or archway, the height of whieh is fifteen feet above the surface of 
Ihe water, through Saperton hill, two miles and three tiirlongs in 
extent, fur the purpose of communicating with theTliaiiieaatLech- 
lade, hi November 17&9, ft'a navigation was completed. The 
Severn U distinguished for the abundance of salmon which frequent 
il, and the lamprey, which is almost peculiar lo it ; this last fish is in 
season in the spiiug of the year, when it has a delicious taste, whiclt' 
abates as the summer advances. 

The Trent rises among the moor lands in tbc north-wcsl part 
«f atafibrdshire»and has itjwatw* increased by Kveral rivuleu.bj 
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tlw Sow, Chimet, Ecclesliell-water, and olher streanw, bdH theo 
runs to ihe eastward. It bccoiiiea navigable at Burton-upon •Trent, 
wlieiT (1 leaves this countj', and Bowing througii ihusc of Derby, 
No1tinE;ham and Lincoln, discbarjjcs ilselt' iulo the Hutnber, that 
great recsplade of the northern rivers, running a course of near two 
liiiiidred miles. It inters Nottinghamshire at the south-west point, 
where it 'n joined by the Erwasb, and passes to the eastward till 
it reaches Newark, where it forms an island; when turning to Ihe 
Dorth, after a track of about fourteen miles, it fonns the boundary 
of that connty on Ihe siile of Lincolnshire. Poets have detived the 
mme of this river frojn thirty kinds of fishes which are found in it, 
ud from lAiVty streams which flow into it. 

The iKiunlMus Trent, thai in himself cE^cams 
Balh thirty tort* of Ailiei, and ttilrly sundry ilretinju 

But this ought only to be considered as a poetical lictiou. Mr. 
Pennant determines the catne to be Saxon, and says it is derived 
from its rising from three heads. The Dove which rises in the most 
Dorlbern poiut uf Si afford shire, forma the boundary between it and 

trbysbire, and joins tlie Trent a little below Burton. The Sow 

a few miles to the west of Newcaslle-under-Line, and falls into 

Trent on the south-east. These are well stacked with fishes, 

facially the Trent. A canal has been formed from Chesierficid, 

in Detbysbire, which, passing tJiruugh the northern part of Notting- 

kamshire, communicates with the Trent just below Gainsborough; 

mns begun in 1773. »nd conijileted in 1775. In its course a aub- 
inean tunnel is cnt through Norwood hill, which extends S8S0 
I, or upwards of a mile and a half, so perfectly straight, that the 
Termination at one end may be seen at the other, The arch is 
twelve feet hjgb, nine feet three inches wide, and in the deepest 
part thirty-sis yards beloiv the surface of the earth. By means of 
the numerous canals which are now formed in the north of E^ngland, 
a couimiiiiicaliou is opened between the Treut and the Mersey, or 
quite across the kingdom, from east to west. 

The rivers which fall into the Humber are Ihe Ouse, or Nortb* 
em Ouse, and those by which the Ouse itself is enriched, as the 
Dun, or Don, the Derwent, the Calrter, the Aire, Ihe Wharse, tic 

tihe Yore, and Ihe Swale, The Ouse rises in the wea-nonh- 
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west side of Yorkshire, nnd cbiefly runs to the sontli-east. Tlie 
Dun, or Don, rises iu ihe hilli near the soulh-we:<( eiiil uf York- 
sbire, where it is called the SiieaF, anti ninning to the southward till 
it has reached SLellield, Inras to the north-east, and falls into the 
Ouse. The Caider has its source in the edge of Lancashire, and 
entering the south-west side of Yorkshire, runs eastward, and joins 
the river Aire. Tlie Aire has its spring al the fool of a high hill, 
called Pennigent, running slowly, and chiefly to the eastward, dis. 
charges itself into the Ouse. The Wharse, or Wherse, rises among 
the hills in the west of Yorkshire, and runs with a swift and impe- 
tuous current, mostly to the south-east, till it lulls into the Ouse. 
The Swale rises among the north-west hills of Yorkshire, and run. 
ning chiefly to the south east, joins the Nidd, ahout four miles 
below Bo rough -bridge. The Derwent, which divides the north and 
east ridings, rises in the north-east of Yorkshire, near the sea-coast, 
between Wbitby and Scarborough, and first runs to the south, then 
winds to the west, and again to the south, fulhiig at length, like the 
preceding, into the Ouse. The Hull has lis source in the Woulds, 
whence it runs mostly to the southward, passing near Beverley, and 
falls into the Humber; all these alford abundance of fishes, parli- 
cularl> salmon, trout, and craw-fisb. Into each of these rivers a 
great number of rivulets discharge themselves. 

The Humber is formed at the confluence of the Ouse, and may 
lather be considered as a narrow bay than a river, being throughout 
its short course extremely wide. Its whole extent, i\uite to Spurn- 
head, a narrow peninsular witich terminates Yorkshire to the south- 
eastward, is not more than thirty-six miles. Yorkshire partakes of 
the advantage derived from that great modem improvement, navi- 
gable canalif. A communication has been obtained between the 
western and eastern coasts, across Lancashire and Yoiksliire, by 
means of a canal, proceeding from the river Mersey, at Liverpooli 
to the Uuse, at Selby, about sixteen miles above its junction with 
the Humber ; Ihe canal is not yet fully completed according to Ihe 
original plan, but it has been long rendered navigable across the 
CDunlv of York, from Ho!me-brid);e, four miles north-west of 
Skipton, to the Ouse, passing by Leeds; and by act of parliament 
Ihe proprietors are enabled lo borrow additional sums nf money for 
the purpose of completing the desiijD, From this canal a brBnch is 
formed, about tliee miles iu extent, to Bradfoid. Aaotlier «fj 
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eximt is cul near Wakefidd, to facililale the coDiiaunicatioa 
bflueen this place and Halifax, 

Wliile speaking of canals. That aslonisliing work which, uodcr the 
jiBitip of the New River, was begun iu ihe early part of ihe last 
ceiilury, and which in its progress and contpletion has proved so 
highlji ioleresliug Iu the most populous and weallliy part of thii 
couolry, ought not to puss unnoticed. 

This most noble undeilaking, for llie purpose of suppHing (he 
northern and weslern parts of Ihe cilie« of Lnndoii and Weslmin- 
sltr, and nearly the whole of their environs, with that necessary of 
life, watcrj is h} in^ans of this river, which is conducted in an arli> 
ficiul canal, extending through a winding course of thirty-eight 
miles three quarters and sixteen poles, from the springs of Cliailwel 
mid Amweil, near Ware, in Hertfordshire. It was undertaken in 
iLe year 16q6, by Mr. Hugh MidUlelon, cilinen and gnldsniilh of 
London, who was afterwards knighted, and at length created a ha. 
rouet; but the title is now extincl, In about five years lie had 
brought llie water as far as Enfield, but having met with great 
difficulties, and strong' opposition, he found himself extremely impo- 
verished by the nndertaking, and applied to the lord mayor and cot^ 
poratioii of London for assistance, but they refusing to be concerned^ 
lie made a mure siiccessful application to James I. who, in tlic year 
IGlS, engaged to bear half Ihe expense of ihe coHcem on becoming 
H half partner in it ; though llie king was excluded from interfering 
Bt all in its management. The lums paid out of Ihe Exchequer at 
vaiious timesi from Easter ]6l2 to September ltiI4, in conseqiicnce 
of this covenant, were 6,347^. In the followmg year, walar was 
brought into the bnson called " The New River lltad,'' at htington. 
It was iheu lliought to be an object worthy of national atlenlion, 
and Sir Hugh MiJdlelon dividing his moiety inio Ihirly-six shares, 
sold twenty-nine of them, U was not, however, until the yeur l(i33 
tliBt any dividend of profit was made, and Sir lingh died in the year 
16'31 : ihe proportion to each twenty-nintli share was, at that lime, 
11/. !<?«. id. the second dividend was only 3/. 4s. -Id. and instead 
of a third, a call upon the partners was expected to be made. 
Cliarles I. supposing little advantage would accrue from the nnder- 
taking, re.conveyed to Sir Hugh Middlelon, In his lite.time, the 
royal moiety, on condition of having secured to liim and his imcces- 

tfce-fjniirent of 500^. per:iimum, This moiety was h'ke» 
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wise divided into tbitlj-six shares, which were called " ibe king's 
ihares," as the olher twenty-nine were; " the adveuturets," who 
were iiicorpo rated by letters [jalent, in ibe year 1619, by the Daiue 
cf " Tlie New River Company," and the government of the con- 
cern lodged ill their hands. In the year 176'S, one of Ihe king's 
shares was sold by i-ubVic uuL-tion fur 4,400/. and in I770, another 
king's share, or one seventy second part of the whole, was pur- 
cbaaed at a public auclioo for 6,700/. The corporation consists of 
a governor, deputy-governor, treasurer, and twenty-siK directors, a 
collector and his assistant, a surveyor and bis deputy, colk-clors, and 
woikmen. The canal called " The New River" is carried over two 
vales, in wooden frames, or troughs, lined with lead ; in its course 
are forly-three sluices, and over it are two hundred and fifteen 
bridges. In some parts it is conveyed through subterraneaa 
passages. 

Sir Hugh Middleton lefl by bis will some of his shares to the 
Goldsmiths' company, to be divided among ils poor members. 

This adventurous baronet was possessed of mines iii Cardigan- 
shire, which he is said to have worked to so great advantage, as lo 
have cleared two thousand pounds a monlh for several years togc- 
ther, which enabled him to bring the New River water lo London; 
but Mr. Pennant says that he expended the whole on that great 
object, and was so reduced, as (o support himself by becoming an 
hireling surveyor. One of bis female desceudauliii being in very 
reduced circumstances, was, not many years ago, voted a small an- 
nuity by the corporation of X^ndon, in consequence of a petiliofl 
which she presented. j^^^h 

NORTH AMERICA. ^^H 

America is extremely well watered by rivers nol only for the 
support o'f animal life, and all the advantages of fertility, but 
for the convenience of trade, and the inlerconrse of (be dislaiit 
inhabitants by water. Id North America, the great river MlS- 
SlsstPPl runs chiefly from north to soulli, receiving in ils course 
many large rivers, scarcely inferior (o the Rhine or the Danube, 
navigable almost from thdr sources, and laying open the inmost 
recesses of this part of the continent. Near the beads of these are 
^ fxlensive lakes of fresU water, which have a conimunicittioa imII^h 
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eacli other, ami nitli rhe great river St. Lawrencb. On Um 

^jilprn side of North America are tho line rivers, ilviMON, DbLa- 

4LRB, James, Potowmack, Susqceuanna, Gomnecticut, 

d several uiht-rs of uk tensive leiiglh nn<l (k-ptli. 

^he rivers ivhicli flow w«sttvur(i, i<iid liiscliurge tbeinsclvei into 

I Pacific Ocean are very imperf'itiW kitowii; ainnng tbwe, the 

HtEOAN, Columbia, or River of the West, isfiiobably by 

f the ba'rst. Cuplain Cook proceeded a considerable way up it 

li7S, mid Ibroiigh the whole extent ol' his nuvigiition it 

a found (o be broad, deep, and rapid, to tbat it may be supposed 

ptake lis rise in liie central part uf'tlie American coutiiieiit. 

S'he BoDRBON liHB only been truced from a. very extensive lake, 

s received (lie same name; ils course is toward Hudsou'* 

', above llie filty-tiilJi degree of aoitb latitude. 

~ Tbe vaal river MifisissiPFi is snppdsed lo lake its rise from three 

«r four springs, wlncli unite at about 16" iiortli latilude, and ^8* 

west longitude; it lias been ascended as bigb as 45° north, about 

one hundred and fifty miles above the Fatlt of St- Anthony. Its 

tourse esteads above Iwo thousand miles, comprising its ti iilinual 

flexions. It proceeds in 3 soutli-easi direction, till it arrives ^t about 

ii' oorlh latitude, and then proceeds almost due south, till it 

arrives at West Florida, where it Hgain runs to the soulhK^st. 

It Teceives the river St. Pierre, or St. Peter, on tbe westward, 
near the Falls of St. Anthony, and the Moingona in the same direc- 
tion, about 41° north latitude; from the eastward, tl»e Fox river; 
and the Ulinnis below 40*. A liltle lower, tbe noble Missouri runs 
into it from the westward ; the Ohio joins it from the eastward. 
At 33°, tbe While river and the Paniassas lirsl Join, and then pout 
their united streams into this grand receptacle of waters, which dit- 
charges itself iulo the sea by many o|)eiiii)gs, most of wliich have but 
little depth of water. 

The Mississippi, after being joined by the Missouri, is about six 
milei wide, and continues iis course southerly, no considerable 
ilream falling into it al^er this fur between two and three hundred 
Biles, when it isJoine<l by the Ohio. Tlie country on each side the 
btiuinippi to this place is exceedingly tine, the cluuate warm and 
agreeable. 

Tile navigation of the Alissis^ippi is very tedious, even in desceod- 
M^i as it is not deemed safe to sail down it during the night i^ttie 
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river being const-diill^ enrumbereil tvilli flouting trees, whicli llie 
winds tear from its banks, and precipitate into the water. The 
SKeiit is still more difficult apil tediojis. Proci'edlng norlhward 
from its inoutii, the adjacetit country is one continued level spot, 
covered with vast forests of trees, which so entirely iulercepl the 
winds, as to cause a dead calm cinsiantly to prevail, sii that in tbb 
part it commonly takei a mnnlh to sail only twenty leagues. When 
these forests cease, the remainder of the navigation is obstructsd by 
strong currents, so that boats seldom advance farther than live or 
six leagues in a whole day. This river bounds Louisiana to the 
eastward. 

The Ohio, or Fair River, which Mr. Jefferson calls " the most 
beautiful river upon earth," rises in several branches, some of which 
spring near lake Erie, aod others within a few miles of lake Ontario. 
It is called the Alleghany, until it is Joined by the Monongaheia, 
which rises from the west side of the Alleghany mountains, in a 
great number of small streams, that uuile, and, together with the 
Alleghany, form tbb river, about 40=35' north latitude, when it 
takes the name of Ohio. Its general course afterward inclines to 
the south-west, and takes a remarkably winding serpentine form. 
At Fort Pitt, where the junction is made, it is a mile wide, but 
grows much wider before it Joins the ississippi, which is in lati- 
tude 36^ S' north, receiving several streams in its course thither. 

The country between the lakes and the junction of the Ohio and 
Mississippi, for several hundred miles, is level, and has an excellent 
■oil ; the climate is healthy and agreeable, and the winters short and 
moderate : its natural productions are numerous and valuable : it is 
well stocked, but not encumbered with timber trees, so that ni> 
country in the world is capable of nobler improvements. 

Great part of this country is now settled, and new states are form* 
ing ; of these Kentuckey has for many years sent representatives aud 
senators to congress. 

None of these American rivers are acted upon by tides, the copious 
efflux causing the waters constantly to proceed with rapidity toward 
the month, so that no ships, williout great difficulty, can proceed 
upward in any of these rivers, and the cotiimerciat beuehts which 
they yield are chiefly iiilcroal, furnishing a ready conveyauce for 
the productions of the country, but incapable of bringing back 
any foreign articles. In the rising state of Keotuckey many ships 
are built, which floating down the Ohio, proceed lo tke gulf of 
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Mexico, aod lab.m» (be benefit of the current, whith eontlantly 
Kt» in to llw iiotthward tlirough tbe Rahaiiia slniT% arrivr at liicif 
<)e&tine(l port on tlie rastem co«iI of North America, with grealer 
celerity and tafctii-. One material Impeiliinenl, hooerer, to Kij* 
navigation on the Ohio, is « considerable tall, about the latittHle of 
ZS'' nanh. Its detceni, howeTer, is gradual, bnt coolinued fur 
null' 8 league : the breaiilh of the rirer in thai |Mrt b m mile and 
a iftiarter. Ttie level of the river by tliis fall is not sunk more than 
iHenty fifed There u a considerable varia I inn in ihe tgoairtifv of 
wsier which fills (he bed of this rtrer ul different seKsoiti of the 
jear, and wheti llie river becomes stiallow, Ihe deplb of waler at 
Ibis fall is onl^ sulficieni (o convey light boats down liie streatn. 

The IsiE OF Orleans, at ibe mouth of Ibe Mississippt, in ?9» 
5S' latitude, and S9° 5cf west longitude from Greenwieb, n a %trj 
beuititiil and tenile spot of ground, on vihicli Ibe French bad a con* 
ilderable city, named Sea) Orleant, which b the capilal, and indird 
tfae only city of Louisiana, it is fortified in a regular manoer, and 
Kcording to some French authors, lias about six buixln-d handsome 
houses, and five parish churches, with straight aixl haudmn.e streets, 
thai cross each other at right an^lt^, but the buildiugi ure cbieflr 
of wood, and not remarkable for their beauty. 

This (owu owed its rise lo the delusions which were practiced b^ 
the celebrated prujector Law upon llie French uatiofi. 'Ibe Tnimeme 
Health which was supposed lo be contained in Ibe mines of ^/. Barbe, 
in Louisiana, caused a company to be formed in France, aiut a na- 
tional phreuzy long prevailing, vast numbers embarked for the |)ur- 
pose of settling on the baaks of Ibe Mississippi. They were limited 
It Bilosi, in West Florida, where tlie far greater number perished 
by want and niislorlunes. Five years afierwards, lite survivon 
were removed lo the island on wliicb Ihe (own cf New Orleans was 
bnih, and so named after tbe re^ut of France. The Abbe Katnul 
asserts that upwards of a million sterling was sunk iu this disastrous 
iciieme. 

The source of (he St. Lawrence, tlie ^eal river of Canada, 
fags never been Ir^tced, though it is kuown lo hare a commiiiiicAtinn 
with the takes ioio the interior country lo a vast «■ stent. Liirrer, in- 
deed, aMerts, thai tbe four capital rivers on Ihe couimeni ol Sorth 
America, viz. the St. Lawrenre, Stitrinippi, liourbon, and fJrc 
gim, or river of the wesi, have their f lurces vi-ry near each oilier: 
^^^UiDsc of Ihe thiee former bsing within lliiity miles, Ihe latler some. 
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what farther 1o llie west ; but the eTideiirc od wliich he Dinkes Ihi; 
assertioD is by no nieiuis clear and cODclu^ive. After a □orih-eaeleiii 
course of many hundred miles, it dbchurgis ils waters inin a lar;;;e 
gulf, exieadiiig from 4£° Siy to 51° iiorlli latitude ; the islands of 
Newfoundland and Cape Breton Ijing belMcen it and iJie great At- 
lantic Ocean. The river is navigable for Inrge ships as high at 
Quebec, which is four hundred miles from ils tuoulh } farther up, 
BhoaU aud rocks impede ils navi^lion. The Trench, while in pus- 
lession of Canada, industriously exaggerated the diliicidlies and 
dangers attending the navigation uf ibis river ; but since the English 
have possessed the country-, the uiniost atleutinn has been bestowed 
to form accurdte charli of it, and lo give everj kind of awigtaace for 
iU safe navigation. In executing theae designs. Captain Cook was 
for iiorue time employed, before he became a circumnavigator, in 
performing wliiih his great abilities utre first discovered, and the 
foundation luid for his future fame, 

HtiDSSN's, or the North KtVEB, rises nilhiii about twenly miles 
of Lake George, and runs lo ihe south, discharging iUelfat New 
York, or Sandy Hook. This river is navigable lor vessels uf one 
Luudred tons, as high aa Albany, which is a course of one hundred 
and fifty miles, and shallop; may go up eight or ten miles higher. 

Tfaelargesi liver in ihe state of Pennsylvania is the DEL AW ABE* 
which rises in the country of the Five Nations, and Sows into tlie sea 
at Delaware-bay. It is navigable for near an huudred and lit'ly wiles 
up. after which it has some falls ; the settlements upou this river 
extend an hundred and 6tVy miles from the city of Philadelphia, 
which is sealed on its banks to the westward, and on the Sclioolkilt 
to the eastward, which il joins a few miles bclow Philadelphia. The 
lauds on the hanks of the Delaware are excellent, lu course is 
nearly soutlieasl, and it all'urds great plenty of all such lishes as 
are common to Ihe climate, especially sturgeon, which are here 
cured, and exported ia greater abundance than in any other part of 
America. 

The SlTSQlTEB ANNA Hses in the same country, at the distance of 
ninety miles from Ihe Apalacliian mountains, and runs at first south- 
west, and then south-east, neatly parallel to the Delaware, till it 
«lischarges itself into Chesapeak-bay, in Maryland. This river is 
likewise navigable a great way up the interior country, and, if pos. 
sihie, exceeds the other in the pleaunlnesE sod fertili^ of the nil 
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n its hanks, wliicii produces, in sreat xbiUKUoce, all tort* of coi^ 
Ktally wheal. 

The Sthaolkilt, or SkulkiU,\\a» lis source in Ihe nm 
nBDniog uliiio&I purullel to ihe Iwo oib« liiren, till at leu^'Ui it UiiH- 
o the Uclaware, uear the city of Pbiladclphia. above whidi it ■• 
Jiavigable for boats, at least a bundled luiles higher up the coDotrr. 
1^ These rivers, with the iiuiaerous bajsaud creeks in Delauarc baj, 
ptapable of containing the largest fleets, render this province admiia- 
kly suited for carrying on a foreign trade. The country also aboundi 
in streams fit for milUj and all other kinds of mecliaairal expedima 
for easing ihi: labour of man ; hence there b here manufactured a 

» greater quantity of iruii ihait in any province on the couluicut. 
■ The bay of Chesapeak is one of tlie largest stud safest bays peihapa 
iu ibe world : for it enters the country neur three hundred luites 
Jroui the south to the nottli, bavina ibe eastern side of Maryland, 
•nd a small purl of Virgiuia;, on the same peninsula, to cover it troa 
Ihe Atlantic Ocean. This hay is almost eighleeo miles broad for a 

IiOOnsideruble way, ami seven where it is narrowest, the water iit most 
ttlaces beiug nine fathom deep. Through its whole ettent it is etf 
inched , both on the eastern and western side, by a vast, number at 
lAne navigable riv/^rs: fur, beside those of Maryland, it re<vives 
^m the side of Virginia, James-tiver, Vork-river, tlie Itappaha- 
HpDckf and (lie Potowmac. 
These rivers are not only navigable themselves for very large vi-%. 
kU a considerable way into the country, but have so many creeks, 
■IhI receive such a number of smaller na^■igab[e rivers, as render ibt 
Gommnnication of all purls of this country inconceivably more eaqr 
tiiBU that of any other. The Potowmac is navigable for near two 
hundred tulles; it is nine miles broud at its mouth, and for a vast 
way not le^ than seven. The other three are navigable upward oT 
eighty; and iu ihe windings of llicir several courses approach one 
auother so nearly, that the distance between them is in some parts 
not more than teii, and in others not more than five miles ; while in 
Others again there are fifty miles between each of them. The planters, 
as in Maryland, load and unload vessels of great burden at ihrir 
own doors ; which, as their commodities are of sniall valw in prw- 
portion to tlitir bulk, is an incalculable convenience. 

Connecticut river rises in New Hampshire stale, latitude 4i* 
W; it pursues a remarkably sUaiglit course to the south, and di»- 
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charges ils valcrs iiilo llie sniind opposite to Long Island. Atiout 
on? Iiuudred and forty miles iVom irs sourcit, near the town of Wal- 
polc, are very rapid falls, tlic force of wliich is caused bj the water's 
being enclosed by rivo rocLi itilhiu a -ipace of about ihirly feet, and 
fiiUing into a broud hasou below. Over these rochs a bridi;c was 
consinicled in 1784, »itb sucb an elevation as to be iuaccessible to 
the higljtsl ^oods. From tbese falla to ibe mouth of the river the 
distance is about one hundred and bijiIj miles. ^^^ 

SOUTH AMERICA. ..^H 

We have yet to describe three majestic floods, that may well vie 
with any we have yat glimced at. These arc, the Oronooko, or 
Orinoko, \he River of ^muzoiis, someliiues railed l\\i Orellana^ 
bnt more properly the Maragrion ; and the Plate River, or Ria 
de la Plata. They all run in the general direction of from west 

The Oronooko forms one boundary for Guiana, It is said to 
be seven liundred and lil'ty-five leagues in length, from its source, in 

Fopaya ear the Facitic Ocean, to its discharge into the Atlantic, 

in 9" norib latitude, where its iiupcituosity is so great, that it stems 
the most po\verful tides, and preserves the freshness of its wafers to 
the distance of twelve leagues out at sea. The Oronooko in the 
month of Aprd begins to swell, and continues to rise during tive 
months; the sixth it remains at its greatest height; in October it 
begins to subside, and falls gradually until the month of March ; 
during which mouth it remains at a fixed stute of its utmost dimi- 
nution. This regular rise and fait of its tvaters is unquestionably 
produced by the raiuy and the dry reasons, which alternately prevail 
in lids part of the world. 

Columbus, in bis third voyage of discovery, which commenced on 
the 30Lh of May, 1408, taking a more southern course than he Lad 
pursued in his two furiiierviijiiges, discovered the island of Trinidad, 
on the coast of Guiana, neui' the nioulh of this, great river, on the 
first of August following. The swell occasioned by its waters pour- 
ing into the ocean was so great as to ex|iose liie ships to extreme 
danger, but after long comhaling the currents and tremendous wavei 
with doubtful success, be conducted his equadion safe through a 
t stiait, which separates that island from the coutineDl ; i bb 
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ht called " Bocca del Drago," the dra^n* mautb. He Jostlj con* 
cluiied that aucb a vast bmly of watei must flow through a couiilrj 
of inimeiise extent, sod that fie wai now arrived at that cootineiit 
nliich it bad loug been the object of hb wishes to dbcover. Full of 
this idea, he stood to the west, along the coast of those proviace* 
uow known by the names of Faria and Comana. 

The OroDOoko, though a river only of the third or fourtli magni. 
tude iu the new world, far surpasses the largest rivers in our bemi. 
iphere. It rolls toward the ocean such a vast body of water, i 
rushes iuto it with such impetuous force, that when it meets the tid^ 
which on that coast rises lo an uncoinmoa height) their collision oc 
casioDs a swell and agitation of (he waters no less surprising ibaik 
formidable. 

The River of the Amazoks, nblch is the notlliern boundar)' of 

Brasil, as it has its source among the Andes, which are the highest 

mouulatns on the globe, is the greatest river in the worKI. Its rise 

is not far from the Pacific Ocean, and it runs in an eastern couraCf 

according to Ulloa and Coiidamine, more than twelve hundred 

' kagues, in which progress it received above si\ly considerable rivers* 

L to spine parts it divides iiiln several branches, encompassing a tnulli- 

llnde of islands, and at length discharges itself into the Atlantic 

ft)OceaD, dircclly uii<lcr llie eiguinoctial line, by a channel one hundred 

■ •nd fifty miles broad. 

, The first European who soiled d«wu the river of Amazons, or ns 

Wfl is more properly called the Mara^non, was Francis Orellana, soon 

nfter the conquest of Peril, in the year 1541. He was next in com- 

pand to Gonzulo Pizarro, the governor of Quito, and a brother of 

^at heinous barbiirian who slaughtered or enslaved the Pemvians, 

llike regardless of every restraiut from the calls of justice, as insen- 

ible to the feelings of humanity. Gimialo Pizarro, with a body of 

FBpanish soldiers, and some thousand Iiidijns, attempted to penetrate 

^to the interior recesses of the American continent, expecting to ac- 

I quire great wealth in countries possessed by other tribes of ludians ; 

but in his whole progress, neilher iuhabitauts, nor silver, nor gold, 

supplied liim and his followers with their expected prey : but a late 

more meriled pursued them ; for they encountered such hardships 

from incessant rains, want of subsistence, and continual exertions in 

cutting their way llirongh lliick woods, or wading through marshes 

ud morasses, that great numbers of the (tarty peiisb«d miserably ; 




It length, tlie surrirors readied ihe Coca or Napo, one of Ilie largf 
livers wliose waters pour into the MarngTion, and conlribute Id its 
giaudeur. There a bark was biiUl, and fifty soldiers, under the 
cDimnand of Oreilana, proceeded in it down the stream, sent by Piz- 
irro to procure food for ttieir perishing associates ; but no principle 
of honour, or eniotioQ of pity, could actuate such men ; Oreilana, 
legardleas of their situation whom he had left on shore, determined 
to abandon tiiem to their fate, to follow the course of the stream. 
Bud explore the countries through which it passed. 

Fizarro had no suspicion of the treachery of his olficer until he 
karnt the lata! tidings bj one of the fifty in the bark, and this man 
had been landed uu a desetl shore, there to perish, because he e%- 
presscd his abhorrence of such a cruel breach of Imst : Pizarro hav- 
ing proceeded onward, happening t» reach the spol, aud hearing 
ihe dreadful tidings, immediately attempted to return to Quito, 
which was at the distance of twelve hundred miles. In this des- 
ponding rout hunger cumpellrd Ihcm to feed on roots and berries, 
and even to gnaw the leather of their saddles aud sword-belts. 
Four thousand Indians and two hundred and ten Spaniards perish* 
«d in this wild, disastrous expedition, which conliuued near two 
years; and only fourscore got back to Quito, naked as savages, and 
so emaciated by famine and fatigue, that they appeared more like 
spectres than men. 

Of Oreliana's enterprise, Dr. Robertson speaks as follows. " Thi» 
■ciienie of Oreliana's was as bold as it was tread leroua. For, if he 
be chargeable with the guilt of having vioUled his duty to his com- 
luauder, and wilh having abandoned his fellow soldiers in a pathless 
desert, where they had hardly any hopes of success, or even of 
lafety, but what were founded on the service which they expected 
•from the bark ; his crime is, in some measure, balanced by the glory 
of liaving^en lured upon a navigation of near two thousand leagues, 
through unknown nations, in a vessel hastily constructed, with green 
limber, and by very unskillful hands, without provisions, without u 
compass, or a pilot. But his courage and alacrity supplied every 
4lefeet. Comniitiing himself fearlessly to the guidance of the stream, 
Ihe Najm bore him along to the south, until he reached ihe great 
channel of the Maragnon. Turning wirh it toward the coast, lie 
held (in hit course in that direction. He made fiei^uent descents oi> 
both sides of the river, sometimes seizing by force of arms Ihe pro* 
vicious of Ihe fierite savages seated on its banks ; and 9omelimes pro* 
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tiitiug a supply of food by a friendly iutertrnmc wUIi non gmtie 
ibes. After a long series of dan^n, which he encoanlered wifli 
iting fortilude, nnd ofdistreKei trhkb he supported wilh no lea 
lagDaniinily, be reached (lie ocean, where new perils awaited him> 
'hese he likewiw surmoniiled, and got safe to the Spanish setllei 
h the island of Cubagua ; Ihencc he sailed to Spain. The ranity 
,|ntural to Iravellere »ho visit regionj unknown to the rest of maa* \ 
and the arl of an adventurer, solicitous to magnify bis o 
leril, concured in promplin^ hini'Io mingle an extraordinary pro* i 
irtion of the inarvellons in the narrative of his voyage. He pre- 
fcnded to have discovered nations so rich, that the roofs of their I 
iples were covered with pktes of gold ; and described a republic j 
if women, so warlike and po\rerful, as to have extended their domi. I 
lion over a considerable tract of the fertile plains which be had i^ I 
riled. Extravagant as those tales were, tliey gave rise to an opinioa j 
tliat a region abounding with gold, distinguiilied by the name of El | 
Dorado, and a coomiunily of Amazons, were to be found ii 
part of the New World ; and such is the propensity of mankind t» J 
believe what is wonderful, that it has been slowly and wilh difficult 1 
that reason and observation have exploded those fables. The voyage, I 
however, even when slrip|)ed of every romantic embellishment, de- 
lerves to be recorded, not only as one of (he most memorable occur- 
rences in that adventurous nge, but as the lirsl event which led to i 
my ceitaiu knowledge of the extensive countries that stretch eaatward 1 
ftom the Andes to the ocean." 

Herrera, in his History of Amertca, gives a ciicumstanlial account j 
tfOrelkna's voyage. It appears that he was very near seven month* J 
from lb« time of bis eniharkhig to his reaching the mouth of J 



M. de la Condamine, in the year 1743, for the purpose of mea- 
■■ring a degree of ihe meridian, sailed from Cuenca to Para, u set> 
llement of the Portuguese at the ino»th of tlie river, a navigatioo I 
much longer than thai of OrelUna, in less than four months, 
the two adventurers were very differently provided fi)r the voyage. I 
Thu hazardous undertaking, lo which ambitiuti prompted Orellan^ 1 
and the love of science M. de la Condamine, was undertaken bj ' 
ftlailam Godin des Odonnis in the year I769, from conjugal aflec^ J 
bon. Tiie narrative of the hardships which she sulfered, of the j 
dingers lo which she was exposed, and of the disasters which befcl J 
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langoage, and exliibit in her conduct a striking picture of the firili. 
tude whicli distiDguinbes the ooe sex, miagled with the sensibilil; 
lendeniess peculiar to the other. 

The early Spanish writers liave given to this river the 
man who first descended it. 

Tlie Kio DE LA Plata, or River of Plate, rises likewise 
•mong ihe mountains on the western side of Soutli America ; its 
course is said to be more than eight hundred leagues, in which it 
leceives above fift; rivers; it discharges itself into tljeAllantic Ocean 
by a very extensive mouth, its northern coast being in 36°, and iti 
Koulheni iu 36° SO' Eoulh latitude. 

This vast river was first discovered by John Diaz de Solis, whom 
Ferdinand of Spain had lilted out at his own expense, in the year 
1515, and provided with twoshipsfor the purpose of opening acorn- 
mnnication with the Moluccas, or Spice Islands, by the west. De 
Solis was considered as one of the most skilful navigators in Spain. 
On the 1st January, 1716, he entered a river which he called Ja- 
neiro, lie proceeded thence to a spacious bay, which he supposed 
to be ihe entrance into a strait that communicated with the Indian 
Ocean ; but on advancing farther, be found il to be the mouth of Rio 
de la Plata. In endeavouring to make a descent in the country, De 
Solis and several of his crew were slain by the natives, who, iu sight 
of Ihe ships, cut their bodies in pieces, roasted and devoured them. 
Discouraged by Ihe loss of their comniauder, and terrilied at this 
■hocking spectacle, the surviving Spaniards set sail for Europe, with- 
out attempting any discovery, and nolhhig farther was heard of it 
tiutil several years afterward, when the Portuguese gained a know- 
ledge of ils amazing extent. 

P. Calaiieo, a Modencse Jesuit, xvho landed at Buenos Ayrea in 
Ihe year 174-9, repreaenis his astonishment at viewing this vast body 
of Wilier iu the following manner. " While 1 resided in Europe,'' 
says he, " and read in books of history or geography (hat the uioulb 
of Ilie river De la Plata was a hundred and fifty miles in breadth, I 
considered it as an exaggeration, because in ibis hemisphere we have 
no example of such vaat rivers. When I approached ils mouih, I 
bad Ibe most vehement desire to ascertain the trulh with my own 
e_\ts; and 1 have found the matter lo be exactly as it was represented. 
This I deduce particularly from one circumstance; When we look 
our departure from Monle- Video, a fort situated more than a bun* 
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dr«(l miles from tLe moulh of I 
ildvrably dinitnislied, we suited : 
Die lanil on tlie opposite bank 
Ilie middle of the clmnnel, we c 



'er, uiid where its breath is cob- 
iplele day before we discovered 
e river ; and when we were in 
not discern laud on eilhtT side, 



atid saw nolhing but tlie sliy and water, as it we bad been in some 
ptaX ace4n. Indeed, we aliould have lahen it to be sea, if Ihe fre«iu 
neiisof its waler, which was turbid like llie Po, had not satJEfied us 
ibil it was a river. Moreover, at Buenos Ajres, anolber hundred 
iiiles up Ihe river, and where it is still much narrower, it is not only 
uiposjible to discern tiie opposite coast, wliich is indeed very low 
and flat ; but one cannot perceive the houses, or the tops of the 
itNpUa, in the Portugueze settlement at Colouia, on the otber side 
of the river." 

The number of the difterent sorts of fish in Ihe rivers of South 
America is so extraordinary, as to merit particular notice. " In (he 
Utragnou," says P. Acugna, " they are so plentiful, that, without any 
>tt, one may take them with t!ie hands." " In tlie Orinoco," says 
P< Giimilla, " beside an infinite variety of other lisbes, tortoise or 
■urile aboond in such numbers, that I caimot find words to express 
tbein. I doubt not then lliat such as read my account will accuse 
"K of exaggeration : but 1 can atlirin, that it is as difficult to count 
n llie banks of that river. One may 
imazing cousuinplion of ttiem : fur all 
'er, and even many who are at a dis- 
n of breeding, and not only find sus- 
Knance during that time, hut carry off great numbers both of the 
Inrtlps and of tlieir eggs, Sic." 

ft has been asserted, that most of the rivers in Peru and Chili 
W scarce any motion by night, while upou the appearance of the 
norning sun, they resume their former rapidity ; this proceeds from 
Ae mountain snows, uhich melting witb the heat, increase the 
tTeam, and continue to drive on the current, tvhilst the sun cod* 
tiniKs to dissolve them. These wonderful musses of water have been 
1>ii) ibl; and elegantly described by the poet of the Seasons :— • 

Nor kti thy world, Calnmbus, drinks iprre^'d 
Tlic lavish moi^lure of ilic meltinf year. 
Wide o'er his ii\ts, ihe bmncbing Oronaque 
Roll* a broHD deluge ; and ttic native drive* 



■liem, as lo c< 

judge of tiieirmullilude by Ihe : 

Ik nulians contiguous to the ri 
lince, flnck tliither at the seas. 
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To dwrll aloft on life-sufBcinp treps. 
At oncG hig donii^, bis rabe, his rood, uid armi. 
8weird by a thousand ilreams. Imp? luoiu harl'd 
From oil the roaring Audci, huge deacends 
Tbe mighty Orellaua. Scarce the muse 
nares slrelch her iving o>r his enormous mmi 
Of riuhint; watci; scarce she darrs sdempt 
The leBrltke Plata i to vrhose dread eipanse 
Continuous dc|ith, and wondrous length of courae^ 
Our Hoodj ore lills. With unabaled force. 
In silent dignity they sweep along, 
And traverse realms unknown, and blooming wtlds, 
And rniitrul deseils, worlds of solitude. 
Where Ihc inn ihines, and seasons teem in Tain, 
Unseen and unenjoy'd. Forsaking these. 
O'er peopled jilains they far diSiislve flotr. 
And many a nation feed, and Girele mfe. 
Id theii aafl bosom, man; s bappy isle ; 
The seat of blameless Pan, jet nndisturb'd 
By christian crimes and Europe's cruel lonj. 
^. Thus pauring on they proudly seek the deep, 

IVbose vanquisli'd tide, recalling from the sbock. 
Yields to ihis liquid weight of half the globe; 
And Ocean trembles for his green domaia. 

[Labat, Lobo, Ssxirtburne, Camden, Raj/nal, Carver^ 
Robertson, Contlamine, Ilerrera.} 

SECTION III. 

CLASSICAL, OR PICTCHESQUR 5PRIKGS, LAKES, RIVESS, 
AND CASCADES, DESCEIBED BY CLASSICAL AUTHORS. 

3. Souree of the Scamandir, Iki Mender of ike present day. 

On the eleventh of March, having collected our guides anil 
horses as upon the preceding day, we set out again from Evgillar, 
and proceeded up tbe mountain, to visit the Cataract, wliich cob> 
stilutes the source of (he Mender, on the norlli-west side of Car* 
gams. Ascending by the side of its clear and impetuons torrent, 
we reached, iu an hour and a half, the lower boutidary of the woodj 
region of the inotintaiu. Here we saw a more entire chapel than 
eitlier ot those described in our excursion the preceding day, situa- 
ted upon an eniiDeitce above tbe river. Its form was quadiangulai^ 
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TW fbvr ««& wnr yO iCmA 




nof: tKb « 

^IjorrflMMd, M M MdwdnccMaf Ara 

the MTtk side of it ms 9mB Ml Im aid 

nMc In An BRbed IBKM m lb* > wiy ai 

Virpa: ud Mow, n^M hv Mt fawl. the «Mb I 

kS^I. hofctaigM iff »»l i r ttehn^af&mfifKaHK 

tnciRkdbvilMor^orf. Upoa Ac ng|M-fcMi afc af Ae «V 

|ia thrrc had beea a vwhi pnriiBg af save aAB- Siial, bat put 

of ih< sluccs, ■b n can it was paiatedl ■* Imi^ ae^amtd. The 

Word nAI^ENON, whttea ^noqg MkH J— f^*^— * dMnclci% 

■nnred upoa liic wall. TW diiiiaiiiaii af dm taM^ vac 

Ddj iiileen feel bv cigaL lb hngkl «aa not ^aile Iwchc tnt, 

fcpfliriie floortalbe hi g i niii g of Ae walH d taaj. IWmdlwBH 

dwn cammaadnl m view of ibe mcr, and > tlvd ««i plai id nor 

tbe allar. Iti valk, only lno Int foor mchn ■■ tfaiAaei^ aiacd(< 

Mrattidcas, ipan for tbe rtwCs of lao voj l»ce iMnn: An* 

Wn actsall; growing a|Ma Ibcia. AU aka^ Ae bnks mt Ais 

■mr, M we advanced towuds it> Miaire, wc noticed ^pcannea aC 

■nilsr niiiu ; aod in kimti plarc^ among rocks, or hj Ae ndei of 

fttdpiccs, wen *c«o nonirs of scTrnl h»bit»tioM lofcAer; n if 

(k Banks, who relmtcd hither, bad poBe ued pnwidMifcly muIb. 

Wnb in Ibe solitudes of Ifae nomlaia. Oar in < al, ai we div« 

Kflr to tbe amirce of tbe lirer, became deep lad ^Umj. LaSj 

■uBuinits towered above m, in the gmlnt Mjle af Alpine ft^ 

rieur : the torrent, b its ragged bed bclov, all ibe whofe Im^^ 

upoa our left. Presentlv we entered one of Thr liitdiiMil ilaul 

nnpbillieatres the ere ever behdd ; and here Ae goidei desired as 

tu stiglit. Tbe iioiM of witen ntenced evaj oiber aovnd. H^e 

cnggy roclts rose pMpetMticalBilf, to nn i m menie beigjtt; vboae 

lilies and fissares, to tbe verj dwdi^ canoealing their tops, were 

covered with pinea : growbg in evoy posstbk d^edioo, unoog n 

nrieiy of evergreen sfanibs, wild sngc, bai^ii^ i<>, bichs, and 

creeping herbage. Euonnoiu plane-trees vraved Ibeir vm^t braochet 

above the torreiiL As we appro^cbed its deep gulpli, we bcbeld 

aevernl casmles, all of Ibiun, pouring impetuousJv from cliasms in 

tbfr oahed face of a p? rpeodicular rock. It is said the same magnL. 

fic«nt CBlaracI coalioues during all seasons of the jear, wholly ua> 

■fleeted bj Ibe casualties of nin or meltiDg snow. TiM t river to 
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eiiDobled by antit-ni history should at the same time prove equally 
emiiienl iacircniD^iiiiKesul iiaiuml dignity, is a fact worthy of being 
related. Its origin is nt-l Itbe the source of ordinary streams, ob? 
scure and uncertain ; ot doubtful lorality and indelenniQate charac- 
ter ; uacertiiiaed with diliiciJty, -among various petty subdivisioiu, 
in swampy placeK, or jmid^t insi^TnjficRut rivulets, falling f^om dif- 
ferent pait^ of the same mountain, and equally tributary ; it bursts 
at once from llie dark womb of its parent, in all the greatness of tfae 
divine origin ussignvil to it by Homer.* The early Christians, who 
retired nr ded from llic haunts ol society to tlie wilderness of Gar- 
garus, seem to have been fully sensible of the edect produced by 
grand objects, in selecting, as the place of their abode, the scenery 
near the source of the Scamander; where the voice of nature 
speaks in her most awful tone; where, amidst roaring waters, 
wavbg forests, and broken precipicva, the niind of man become! 
impressed, as by the influence of a present Deity. t 

TIjc course of the river, after it thus emerges, with very little 
vatialion, is nearly from east to west. Its source is distant from 
Evgillar about nine miles ; or, according to the mode of rotnputa- 
tion in the country, three hours ; half this lime h spent in a gradual 
ascent from the vilbge. The rock whence it issues consists of 
micaceous achistus, containing veins nf soft marble. While the 
artist was employed in muking drawings, ill calculated to afford 
adequate ideas ot the gramleur ot the scenery, I climbed the rocks, 
with my companions, to examine more closely the nature of the 
chasms whence the torrent issues. Having reached these, we fouud, 
in their front, a beautiful natural bason, six oi eight feet deep, 
serving as a reservoir for tbe water in the first moments of Jls eniu- 
eioii. It was so clear, that the minutest object niight be discerned 
at tbe boltoiii. The copious uverdowing of this reservoir causes tbe 
appearance, to a spectator below, of different cascades, falling to 
the deplh of about forty teet; but there is only one source. Behind 
are tlie cbusnis whence the water issues. We entered one of thcae, 
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i passed ioto a cavern. Here tlie water appeared, rushing with 
^a( furre, beneath the rock, towards the bas'.ii on the uutiide. It 
vins the coldest spring wtf b»d found in the cuuiitrir; (be ntcreury 
in Ihe therniometer falling, in two ui'nutes, to thirty-four, acccndtng 
lothe scale «f Fahrenheit. When placed in the reservoir iniiuedi- 
aiely ahove the fall, ifhere the water wai more exposed to the 
ilmosphere, ils lempersture »as three degrees higher. 'Hie whole 
lock about Ihe source is covered with moss. Close to the basoa 



e oaks and pines ; all beyond 



grew hazel and jilane trees ; above i 
nu a uahed aud fearful precipice. 

[Clarke sTraveb, Part II. Sect, t.] 

2. Source oj ike CVuumnut. 

Have you ever seen the iimrce of therivei Clitiimnus ' i as 1 
never heard you nienlion ii, ] iinii<;iiit: not: let uie ihereiure advise 
you Id do so immediately, it i» but lately indeed I liad that plea- 
nre, and 1 condemn myself lor not iiavtiig seen it sooner. At the 
£»tof a little hill covered with venerable and shady cypress trees, 
a spring issues out, which guahing in different and imeiiual streams 
Arms itself, after several windings, into a spiicious faaion, so ex- 
Ireineiy cleat (hat you may see Ihe i>ebbles and the litlle pieces of 
money which are thrown into it t. as lliey lie at the bottom. From 
liieuce it js carried off not so much bj the dechvity ol llie ground, 
as by its own strength and fulness. It is navigable almost as sooa 



■ Nuw railed ClitUinno r il rises a litlle below rlie yillagt oF Campello io 
Ombria. Thv inliabilaitis n?ar this river titill retain a nulion itmi 1(9 tiaiin are 
alltiidrd Hitli a auiicroHtural pro|>f rlj, imaginini^ ii makn ihe valtle vhite Uuit 
drink of U : a quality Tor whlcli It is likewiie celeliiated bjr xaaxiy or llu: 
Latin poets. See Addison 'e Travels. 

■f Tbe beads of cooaidenble rivers, bol springa, large bodies of alaoding 
itater, &c. weie esteemed holy among Ihe Romans, aiid cullivnled wiUi reli- 
gioiB ceremonies, " MngBornm flutninuni," says Seneca, *' Capila revcrc- 
raur ; subila et ex abdilo vaali amnlG eruptio xras habcl i coluntiir nqiiaruia 
.calenlium fonlea i el slagoa qusilam, vel opocitas, vel immensa alliludo aaeni- 
tit." Ep. 41. II was cnsloniarj lu throw lilde piece! of money into tliose 
I, lakes, &c. wliich had tlie repulalion of beiDK<acrcd, as a mark of 
r Ibose places, and to render the iiresidine deiiies propiiioi)t. 
' Suetonius neniious ihis practice in Ihe annual vowi wbich he says the Homan 

tple mode for the lieallli of Aiiguslus. 
E 3 
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as it baa quitled its soujce, and wide enough to admit a free pasasgc 
for vessels lo pass by eucli otiier. as the; sail with or against the 
slream. The current runs so strong, llinugh the ground is kve), 
that [be large biitgcs which go down the river have no occasion to 
make use ol their oars ; whde those which asueuiJ tind it difficult to 
advuncei even with the assistance of oars and poles; and this vicii- 
■ilude of labour and ease b exceedingly amusing when one sails up 
and down merely for pleasure. The banks on each side are shaded 
with the verdure of great nmniiers of ash and poplar trees, as clearly 
and distinctly' seen in the itre!>in, as if tUey were actually sunk in it. 
The water is cold as snow, and as white too. Ntar it stands an an« 
cient and venerable temple, wherein is placed the river-god Cli' 
tumnus, clothed in a ijt>e, whose immediate presence the prophetic 
oracles here delivered sufiicienlly testify. Several little chapels are 
■caltered round, dedicated lo particular gods, distinguished by diC 
ferent names, and ionxe of them too presiding over different foun* 
tains. For, besides the priitcipal one, which is as it were the parent 
of Jill the rest, there are several other lesser streams, which, taking 
Ibeir rise from various sources, lose themselves in the river : ovet 
which a bridge is buill, that separates the sacred |»rt from that 
which lies open to common use. Vessels are allowed to come abo\<a 
this bridge, but no person is permitted to swim except below it *•' 
The Hispalleles t, to whom Augustus gave this place, furnish a pub- 
lic batfa, and likewise entertain all strangers at their own expen%. 
Several villas, attracted by tltf beauty of ibU river, are situated upoa 
its borders. In short, every object that presents itself will affon) 
you entertainment. Vnu may also amuse yourself with numberlen 
inscriptions, that are fixed upon the pillars and walls by difierent 
persons, celebrating the virtues of the fountain, and the divinity that 
presides over it. There are many of th£m you will greatly admire, 
as there are some that will make you laugh ; but I n;ust correct my 
Self wlicn I say so; you are too humane^ 1 know, to luugb upoB 
euch an occasion. Farewell. 

[Melmolh's Traiuhtion.} 



* Tbc tflUf'i of 3 nolied btxly was tboiighl lo polliiie Ihese cansecralcd 
■alcr?, Hi Hppciirs from a psfuigc io Tacitiu, 1. 14, an. c. SS, 
f InhfeliiioiUs ota. town in Ombria, now called SjicUo. 
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TV Lake PaAmtn. 

PlI!>T to CLuxcs. 

Tbosb works of art or oaiure, wliieb are usualty Ibe n 
tvs iraveU, are oftea overlooked aod neglecltd. it' tbejr Ijsppca ta 
lie »itkin our reach ; wlielber il be thai we are naturall}' le» inqni- 
fliive cODceniing tboie things nbjch aie near u^ wtiUe our canotilj 
isexcited by remote objecls; or because ibe easints ol gmiif^iog 
a desire is ^wh^s sure lo damp rt ; or, perhaps, that we defer, from 
lime to time, viewing what we know ne have an opportimit}! of see- 
ing whenever we please. Be the reason nbal it mav, it it cerUia 
lliere are teventl rarilie* in and near Bame, which we not ocly have 
Dever seen, but have never so much as lieard of; and yet, if they 
biiil been the |(roduction ofGreeee, or Eg^pt, or Asia, or any oilier 
touotry which we admire as fruitful in wuiiders, tbey would, long 
unce, have beentiie subjects both of our reading, conversation, and 
ioipection. Fur niysell^ at least, 1 confess 1 have lately been.eoter- 
larned wttli a sight of one of these our iodigeonus singularities, lo 
which I was an entire stranger before. My wife's grawllvlber de- 
^d I wimld look upon bis estate near Anicria *. As 1 was walk, 
ing over his groiuids, 1 was shown a Ute that lies below tliem, called 
Vidiniou f, which I was informed had several very extraordinary 
qoalities attending it. This raised my curiosity to lake a nearer 
view. Its foria is exactly circular ; there is not the least obliquity 
or winding ; but all is regular and even, as if it had been hollowed 
and cut out by the hand of art. The water is of a clear shy blue, 
though with souiewhat of a greenish cast ; it seems, by its taste and 
iraell, iinprrgiialed with stitphur, and is deemed of great ellicacy iu 
all fractures ot tjie limbs, which it is supposed to consolidate. Not. 
nithstaudiiig it is but of a moderate extent, yel the ninds have a 
great effect upon it, frequently Ihroniiig it into violent conimoiious. 
No vessels are suffered to sad here, as its waters are held sacred ;, 
but several floating islands % swim about in it, covered with reeds 

* Now called Amelin, an e)iiFcnpaI cilj in Ombria. 
i Nnw calJed Lago di Uoisaliclln, 

* Sec Halt p. 53. 

\ The credit of this account does not rrslrnlirel; u)inn our aulhor; Pliny 
the elder men tions Ihese floaline Inlands, (1, 2. 93.) and io ion Seneca, nho 
jucnnnli for them Dpanphilwopliical principles. (Q. N. 1. S. 35.) Vareniusia^ii, 

tHundoraS) a province In &merica, tberr is a l:ike in nbicb arcicveral 
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and rustieE, togcllicr with other [ilants, which the neighbouring 
mardb and the borders of ihe lake produce. Thc-se islands diftcr iu 
their size and sbape ; but llie edges of all of tlieni are worn away 
by Iheir frequent collision against llie shore anil racli otiii-r. They 
have all of thein the same height and motion, and their respective 
roots, which are formed like the keel of a boat, may be seen hang- 
ing down in the wafer, on which ever side you stand. Sometimes 
they move in a cluster, and seem to form one entire Utile continent; 
sometimes they are dispersed into difTerent quarters by the winds; 
Bt other times, when it is calm, they float up and down separately. 
You may frequently see one of the larger islands sailinj; along with 
a lesser joined to it, like a ship with its long boat ; or, perhaps, 
seemL[i|! to strive which shall out.swim the other: then again they 
alt assemble in one station, and afterwards joining themselves to ibe 
shore, sometimes on one side, and sometimes on the other, cause 
the lake to appear considerably less, till at last uniting in the centre, 
they restore it to its usual size. The sheep which graze upon the 
borders of this lake, frequently go upon these islands to feed, with* 
out {>erceivin^ that they have left the shore, till they are alarmed by 
finding themselves surrounded with water ; and in the same manner, 
when the wind drives them back again, they return, without being 
sensible thai they are landed. This lake empties itself into a river, 
which, after running a little way, sinks under ground ; and if any 
thing is thrown in, brings it up again where the stream emert;es. I 
have given you this account, because 1 imagined it would not be 
less new, nor less agreeable to you than it was to me ; as I know 
you take the same pleasure as myself, in contemplating the works 
of nature; Farewell, 



SauB and the Lucrine Lake. 

I RETUKNED in the moruing to the eiiast of Bauli, where some 
uins are shown as the tomb of Agrippina the younger, murdered 
leur this place by order of her son. Ii is true that her slaves burnt 



lilllr bH\i piDnlfd with ihrub<i, &c. tossrd up and down liy Ihe winds. And be 
quale; Brjethlus, llie ScoU blslnrlan, who affirmi, that, in a large Loch, called 
Lomond l.och, in Scolland, Ihcre is a flooiiBg ielnad, uiion vfhich callle gnic 
eee rarm. Giog. Vul. I. p. 413. _^^H 
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ktr body and deposited the ashes on the ruad to Bauli : Uul these- 
a greater ri'semblaiice to a llieaire, or tiangiiig garden, ihan 
I to a sepulchre. Tbe place ol' her interiiieni » not to he ascerlaiued, 
1 for the sea must now cover a large portion of bod ivhicli forineTly' 
I'Conlaiiied spacious gardens, fisli-ponits, and buildings : Hoflensiu^ 
f ri)e cnnipiuporary and rival of Cicern, possessed a villa ou this shore, 
I for which ihe present conlined spot could not possibly afiiird sufii'' 
(< dent spuce. We next enlereda hay, where the pl-dcid waters re* 
ilert Ihe mutilated remnants of Baite, that center of pleasuresj- 
that elegant resort of the gaj masters of the world. The hot 
springs and luediciiinl vapours that abound in its environs must 
very early have excited the attention of valeludiuarians, as 
iMthiug was the constant solace of the Greeks while in heullb^ 
and tlieir remedy when diseased; but Baise does not seem to 
have attained a degree of celebrity superior to that of other batlis, 
■ill Ihe Roman commonwealth began (o be iit the wane. As soon 
as the plunder of a conquered world was trdn<^ferred from works of 
public use ami ornament lo private luxury, the transcendent advan. 
tiges which Baix offered to Roman voluptuaries, flying' from the 
capital in search of health and pleasure, were attended to with en- 
thusiasm : Ihe variety of its niilural ba'lis, the softnc&s of its climale^ 
and tiie beauties of its landscape, captivated the minds of opulent 
nobles, whose passion foT bathing knew no bounds: abundance of 
linen and disuse of ointments render the practice les.^ necessary in 
modern life ; but the ancients pert'onned no exercise, eng'.tsed in no 
study, without previous ablutions, which at Rome required un enor- 
raousexpence In aqueducts, stoves, attendants; a^Jace, therefore,' 
where waters naturally heated to every degree of warmth bubbled 
' spontaneiiusly out of the ground, iu the plcasantest of all sitnalions, 
was such a treasure as could not be overloiikcd. Bui<e wiis this place 
in the higheiit perfection; its easy cumniunicaliou with R'inie was 
also a point of great wcif^ht. Hither at first retired lor a temporary 
relaxation the mighty rulers of (he empire, tostring anew their nerves 
and revive their spirits, fatigued whh bloody campaign^ and civil 
contests. Tiieir babilalions were small and modest, but soon iu- 
creasing luxury added palace to palace with such expedition and 
sutnpluosity, that ground was wanting for the vast demand ; enter* 
prising archilecig, supported bj infinite wealth, carried their founda- 
tions into the sea, and drove that element back from its ancient 
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limits* : it has since (akcn ai 
tbaii it ever loal. 

From bting a [ilace of resort for a season, Buise now grew op to 
» permanent city ; wlioever found himself disi|uali6cc) by agct or 
iufirmity, for su^lainiiig any longer an active (lait on the pulitical 
theatre ; whoever, Iroiu an indolent disposition, sou^lit a place wbere 
the pleabure^ of a Iohh were combined with the sweets of a rnml 
life; whoever wished to withdraw from the ciuDgerou» neighbour- 
lioodof a court, and the baneful eye of informers; flocked hither, 
to enjoy life unlaiuted with fvar and trouble. Such atHuence of 
wealthy Jiibabilants rendered Batse as much a miracle of art as it 
KBs before of nulure ; its splendour may be inferred from its inim- 
jnerable rnins, heaps of marbles, mosaics, stucco, and other preci- 
ous fragments of taste. 

It fl6unshed in full glory down to the days of Theodoric IIk 
Goth; but the destruction of these enchanted palaces followed 
quickly upon the irruption of the northern con(|uerors, who overturn- 
ed the Roiuan system, sacked and burnt all before them, and de« 
stroyed ar< dispersed the whole race of nobility. Loss of fortune 
left the Komans neither the means, nor indeed the thought, of sup- 
porting such expensive esublishmenls, which can only be enjoyed in 
perfection during peace and prosperity. No sooner had opulence 
withdrawn her hand, than the unbridled sea rushed back upon its 
old domain ; moles and buttresses wtre torn asunder and washed 
away ; whole promontories, with liie proud towers that once crown, 
ed their brows, were uiulrrmiued and tumbled headlong Into the 
deep, where, many feet below the surface, pavements of streets, 
fouodutious of houses, and masses of nails, may still be descried, 
luternal commotions of tlie earth conlrrbuted al^o largely to this ge> 
ueral devastation ; mepliitic vapours and stagnated waters have con- 
verted this favourite seal of health mio the den of pestilence, at least, 
during the estiva! hea's ; yet Baiae in its ruined state, and stripped of 
all Ks ornajnents, still presents many beautiful and striking subjecti 
for the pencil. 

As we rowed under llie lofty headlands, a Cicerone, whom I bad 
met wilb atBaia;, poiuled to vaults and tenaccs, and alk<lled thcio 
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icspeclntly to tlie residence of iome illuHlrioiis personage uf antL 
quit). Tlie muHs abound wiili frairnieiiis rolled fruiii llic n 
•biDe meti employ lliemselves in llje jummtr linie iti drn^gine tl 
bottom of llie $ea with siii»ll liuskels: they waah tlie sand in several J 
%HleTi, and ^Idom f^il ol hrinsiug up a corntliau or uietial th»t »• 
pnys tlieoi (or tlieir llntr and kbour. 

From the highest point tlmt forms tiie bay, a large castle com* 
tnantts the road, where foreign sliips of war usuuljy ride al iinthai^ '. 
Ilie harbour of Naples not being s[>aciou« enough lot lite rerepticA I 
of a fleet: here tlie^ enjoy ^ood shelter, watetibg, and victuallings j 
Igtit in summer risk the health of their crews, on accoiml of the un* I 
U bole sameness of the air. 

Al the bottom of the bay, and at tlie foot of the steep rocks whMl I 
■erve as a foundation to the ruins called Nero's hiiuse, are some daifc | 
caves of greut depth, leading to the hotle&t of all va[iourbuUis: t 
bodyc^n remain long in them, or indeed peiKl rate lo liie end, < 
out an exlraordinoty degree of strenglh and resniuiion". TteJ 
springs at the bottom of the grolto are so hot at to boil an egg hai 
almost instantaneously. Tliese caverns seem to be the spot whev 
Nature has openad the readies! access to llie very focus of a 
cano, nliich has been within the two last centuries must outragcotil 
ia il8 o|)eratioos; for to Ihein must be attributed the overturniug ttm 
the odjacenl country, and the total alteration of its surface, by tbc 
birth of Monte Nuovo, which now blocks up the valley of Avenio. 
In 1538, afterprevious notice by repealed quaking^ (be convulsed 
carih burst asunder, and made way fur a delude of hot ashes and 
Aainesj which being shot up lo »u iMimensc heiglil into the daiken- 
cd atmosphere, fell clown again all around, and lonned a circular 

■ Tbeie balbt, tlilrly in number, arc tnld, hul how truly 1 tcniin' nnl, la ha>e 
been utiimed « jlli Creclt iiMcriptloni, and elaluea (Icnoline by their e>pm> 
•iant sJtd allimdei, wlial particular pan of (he tiiimBD rmme waa aflucted and 
relieved from il> painb by rai-h pmrkutar balll. Purriiio, in his Tli'^alri: of 
Viceroys, informs ns, ihal three piijBiciansofSaUrnii, ajiprehi-n-in-of ihpru 
the mrpriainK eSii>ary and repumiloD of ihe>e vaien Mould bring upon ihc 
eaUegp, came hliber in (he dead of night, mutilated ibe H^ures, defaced ll 
letlcn, BDd, as fur as Iheir time irantd nllow, diaturtied (he course of ti 
^qirin(!i4 bu( Ihr hiilorluD addi very gravely, (hat Kyjiria, ever nalchfnl over 1 
the health of Niiplei, reven^d lliis bararoui outrage, by cniyitring up a «lorH 1 
Ihal buAed lb'' tlirep diiciiirs In the ^len, bcfurc lliey cuuld reodi tliaulH 
•t Iriumphin (he tDccesnuf ilieit Tillalny. 
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mound four miles iu circumference, and one thousand feet higit, 
wilh a large cup in the middle. Immediately afler the explosion, 
the wind rose furiously, and wufted the lighter particles over Ihe 
couDlry, hurniiig und blasting all vegelalion in its progress : wher- 
ever these ashes, impregnated with poison, adiiered to the grass, death 
became the immediate lot of all beasts that bronzed upon it. The 
terrors occasioned by this phenomenon threatened the abandonment 
of Ihe whole diMrict; scarcely a family durst remain even within 
sight of this horrid heap, which had overwhelmed a large towti, 
filled up a lalie, aud buried under it a very extensive tract of culti- 
vated lands. To encourage people to return to Ibis neighbourhood, 
Don Pedro de Toledo, viceroy of Naples, built a villa, and fixed 
his residence at Puzznoli ; big example, aud lime, that soother of 
woe, overcame the general consternation. When men are obliged 
to apply to daily labour for sustenance, and their minds nre of course 
exalusively occupied by the idea of present necessities, the images 
of past disasters arc easily obliterated, aud, llietefore, in a few years 
Don Pedro saw this district repeopled. 

Part of Monte Nuovo is cultivated ; but the larger portion of itj 
declivity is wildly overgrown with prickly broom, and rank weeds 
that emit a very f(Etid sulphureous smell. Tlie crater is sliallow, 
its inside clad with shrubs, and Ihe little area at the bottom planted 
with tig and mulberry trees ^ a most striking E|>ecinien of the amaz- 
ing vicissitudes that lake place in this extraordinary country. I saw 
no traces of lava or melted mailer, and few stones within. 

Near the fool of this mountain the subterraneous fires act with 
such immediate power, that even tlie sand at the bottom of Ihe sea 
is heated to an iutolerable degree. 

A long neck of land prevents the waves from washing into a nedgy 
pool, the poor remnant of the Lncrine lake, once so renowned for the 
abundance and flavour of its sliell.fish, of which large beds lined 
the shallows, while a deep channel in the middle afforded riding and 
anchorage for vessels, and a passage into the inner basou of Aver- 
uus : a small canal now serves to discliarge the superabundant 
waters. I suppose, that originally the Lucrine was only a marsh 
overflowed by the sea, till Hercules gave it extent and deplh, by 
rising a mound across, and damming out the salt water; that after- 
wards Augustus formed the Julian port, by raising this wear to a suffi- 
cient level, and theteby procuring depth of water for a navy to floof 
in< [SKtnburtie's Travels.'] 




dvaio^nid ta betlncch 
r fed deep. Xraag); idkcli the lapcng profn d 
; indosan : (bo^ af «U fcMl n 
Aootalong nodntlK bai^ ; a hfp oct^on temple ia n 
Bflj«itically to Ute brak : JU naifalF mu w mtft bmv iai^ bera r> 
moTcd, bnl iN tbnn aad mxe tlill nadcr it x noUe object. It ms^ 
probablj, dedialcd lo the inCennt gtids, to whose wanUp tfaesc 
colemn scenes were fonB«Tlv conwcralcd. Nack a^ed grovvs 
ilKlched IhrSr boustis over ihe vraterr *b%ss, mmI with inf>cacin. 
ble foliage excloded almost ewrj ray of dholesonic l^hl ; n 
vapoun from the bat bowels of tbe earth, being deaied free p 
to the upper almotphere, floated alon" the surface in | 
•nisls. TlicK circumstances prodored horrors lit for such gltMMnjd 
deities; a colony of Cimmerians, as well suiled to the riles as th^a 
-place itself, cm dweUingi in the boiom of the surrounding hills, and S 
officiated as priests of Tartarus. Siiperslilioa, alwuss deliglitine i| 
dark ideas, early and eagerly seized upon this spot, and hillier sbt 
Led her trembling votaries to celebrate her di<aial orgies ; liere ibbA 
-evoked the manes of departed heroes— here slie offered eacritices 1^ 1 
the gods of hell, and aiiemptcd to dive into ilie secrets of futuritjua 
Poetsealarged upon Ihe popular tlieine, and painted its awful scenery I 
with the strongeat colours of their art. Homer brings Ulysses 
I cAveruus, as lo tlie mouth of Ihe infernal abodes; and in imilaiiosf 
of tbe Grecian bard, Virgil conducts his hero lo ihe same grouiidBj 
.The holiness of these shades remained unim|>eaclieil for many age»f ¥ 
.Hannibal marched his army to offer inceuse at tliis altur; but, ZM 
believe, lie was led to Ihis act of devotion rather by ihe hopes of ■ 
surprizing the garrison of Puteoli, than by his piety. 

AAer a long reign of undtsturbed gloom and celebrity, a nuildoi J 
; glare of light was let-in upon Avernus : the hormrs were dispelled,] 
.and wilh them vanished llic saucily of the lake ; llic axe of Agri|q»,l 
.brought its forest to tlie ground, disturbed its sleepy w liters witbf 



ship), and gave rnom fur all its malignant rffiuvia lo escape. The 
Tinilence of lliese e:ihiilalions is (fescribetl l)v ancient authors as very 
extraordinary; modern wrilers, nho know llie jilace in a elean-d 
stale onl), charge these accounts with exaggeralLon ; bul 1 thiuk 
tliem eiitilled lo more rMpecl. for even now the air is feverisli and 
daugeroua, as liie jaundiced laces of tlie vine-diessers, who have 
Miccee<fed the Sihyls and IJie Ciniiueriuus iu the pu:>ses>ion of the 
temple, most ruefully testify. 

Buk'cacciu relutes, thai* during his residence at tlie Neapolitan 
court, tilt: surface of this lake was suddenly covered ivith dead fi>h, 
black and singed, as if killed by some $utagueous eniplion of hre. 
At present jl abounds with tench; the Lucrine wirh eris. The 
cliauge ot fortune in these lakes is singular : In the splendid days of 
imperial Rome, the Lucrine was the chosen spot for tlie brilliant 
parties of pleasure of a voluptuous court ; lliey are described by Se- 
neca as tlic highest refinement of extravagance and luxury ; uow, a 
■limy bed of rushes covers the scattered pools of this ouce- beautiful 
■heet of Hater, and the dusky Avernus is now clear and serene, of- 
fering a most alluring surface and charming scene fur similar aiuuse- 
uents. 

Opposite (he temple I entered a cave usually styled the Sibyl's 
Groilo i it seems more likely to have been the moulh of a commu- 
xiculion beiweeu Cuma and Avernus, than the abode of a prophe- 
tess : especially as llie Sibyl is positively said by historians lo have 
dwelt in a cavirii under the Cuniean citadel. A most acute and 
indefatigable iiniitveller of antiquarian clews thinks it was part of 
the canal \^at Nero childishly projected from the mouth of the Ti- 
ber to Ihe Julitin port; a scheme that was crushed in its infancy. 

On ever' hili, in every vale of the environs, appear the ruins of 
extensive villas, once embellislied with all Ihe elegancies of combined 
art, now traced only by lialf-buried mouldering walls, and some 
niaible fragmeiiis, left as it were lo vouch for Ihe taste and cuslli- 
ncjs with which they were constructed. In the last period of the 
cummonweallh, and during the ^audy a;ra of Ihe CEcsar^, almost 
every person of exalted rank had a house in this rountry, which the 
sagaciuui antiqaaries of Puzzuoli point out lo you, without doubt 
or liesiiatiuu. One ruiu among the rest has a superior claim to our 
atteution, and, in a great measure, pleads our excuse for yielding 
such easj tiilief To the suspicious aulhoiily that stamps it with a 
name; htie, wc are told, Cicero bdd Jiis Academy, where he penned 
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e of (ni most admirable pnxtiutioDs i U b si Inst i p 

I lo fimcj lliit we IK treadi^ gro oa d on i 
D toiA bis solitary walks, and maaed oa the & 
, or tbe most sublime [n»I3 of iminih 

r many hours spent in a naama mast sat B& clot y i 
, 1 dosed the agreeable loar of tbe daj «itb a 
nlk to Puzmoli. Tlie air was mOdly ^italed by tl 
t lam), which after sanset alw«y« sncreeds tbe sn-h 
■Vavea dashed gently against tbe ruined ediS-ces tbat impede tb^ ' 
VprogTCSS f ; tbe reflection of tbe moon, and some Tesseb under n^ 
(otliveDed the marine prospect, and irom tbe gatdcas of (be nle 
c wafted Ibe most delicious perfumer. 



6. The Laie Fitcinut, now named Celano. 

AssooDasthe weather would pennit, we visited the lake of Celano^ 
n called by the modems from a town near il^ norih shore, the hestil 
sf the earldom that comprcbeaded at sue tine the grealtst part of 
the country of the Marsi. This was tbe ancient name of liie peo- 
ple that inliabiled the environs of the idke, allowed cy the Romana 
to be tlie most iolrepid soldiers of iheir kgivns, wbea in friend* 
'■bip, aud tbe most fonnidablc of tlieir enemies when at v^riaoce. 
Jl was a common saying, that Rome could neilber ttiiiinpfa over tbe 
Marsi, nor without them. In the 662d year of Rome, thej put 
Ihemselves at the bead pt the social war, one of the most obstinate 
and dangerous oppositions ever made lo the progress of the Kcmai 
power : it was terminated by a grant of those privileges for which 
tbey couletiiled. Their name still subsists in that of ibe diocese. 
for the prelate is slyted bishop of (he Marsi. 

Jn ancicDt times, the lake was called Fucmus, and was under tbe 
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L * Prom Plini'i tnpog^pb; it ii probable diat it sliwd an a ^at covrred bf 

ic erapiiao of I5SS- 
■ + Theie bnildin^, which for 50 many ages hare wiflislDnil the rtsily astaull* 
f AT ■ boisterous eUmenI, oif Ihrir duiab'U;} lo tbe crnrnl nilh which theb 
e united { the priaclpal in^edient >s a 6nt Tulcaoicai unit, called 
Da I tbatacqnim strrogth and hardness by lyin;; uniier watrr g 
ts of vaiinns mrlaltic, itnnVjHnd eorthj panicles, calcined and trltni 

iirniccs, aod ifi faaad bath in tlic oeisbtiaQriiDod of {"uxinoU aad 
i }i tUt of itomc 
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protection of a god of tl)e sante deuoniiualioii, wlio^c temple stood 
OD its banks. Accordiug to the testimony of uncitiiil authors, it was 
subject lo extraordinar) mriigs and decreusings. Tlie actual cir- 
cumfiirence is forlj.seven miles; the bieadlU in the largest part, 
ten, in the narrowest, fonr ; its depth, twelve feet upun au average. 
But all these have varied prodiijiously. Two miles up the jiluiiif 
behitid AvexKauo, the ^agmenls of boats, shells, and other marks 
of its ancient extent, have been cusually discovered ; and, ou the 
coatrary, there are people who remember wbeu it did not flow 
nearer than within two miles of Avezzano. An immense tract of 
excellent land is lost al ever^f increase of its level, and if any means 
could be devised for draining it, or at least reducing its size, tbe 
value of the ground recovered for cultivatioD would be more than 
an equivalent for any expense incurred in tbe works. 

Ail round this noble piece of water rises a circle of grand moun. 
tains, someuf tbem the lii£<hest in Italy, if we except t lie Al|>3. The 
Rocca di Canibio is accounted tbe most elevated among them ; in 
summer this country must be a delightful place of abode, for tbe 
environs of the lake are well inclosed, and the sides of the bills 
covered with fine woods j its waters abound with fish of various 
kinds, and thither repair, at stated seasons, innumerable flights of 
wild fowl. The necessaries of life are good, plentiful, and cheap : 
cely ft town but is celebrated for the excellence of some parti- 
cular species of food. 

We rode along the edge of the lake, which was excessively 
agitated by the bigb wind, and resembled a dark stormy sea; at 
the disiance of a mile and a half from the town we came to the 
nmulh of the emissary or opening made by the order of Claudius 
CffSrtT for the discbarge of the waters into the Liris*. whrcb runs 



pcror inlcnded lo conrey the waten into the Tiber; 
y mrnns of Ihe Salln, Uie VeliDo.and (hp Nera, Ihrough 
lase passed before ihey fell JQtn the Tiber, unlesi he 
|inn arches over the Liria, and Ihrnugh a double chaiu of 

hills to ihi- Bonree of (he Teverone. The Salto is too far off, aBd, I imagiDC, 

upon moch loo higli a level. 

ClDveriu! aEierls, licit nolK>dy now knows nhere (lie emissnry wbe t and that 

the wnrltB ahpwn for it arr no more than tlie vesliges of a small catial, wheie 

tlip river Piinnius enlereil Ihe bowels of (lie mounlains, out of which il did 
reacbeJ Ihe valley of Subiaco, wheic Ihe aqueductB hegai 

that convejed it to Eaiue, b; the nanie of Ihe Aqua Mardo. Pliny 
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iti a de«p vallei^ on (hr nllier side of the hills. The optmnie is now 
choakrd u|>, and lien at ihe f 'ot of llie hill, much below the present 
iffvel of Ihe w»tet ; in a line from it up the slope are six peipendi- 
eolHr welU. and two oblique gruoves to the canal, which was driven 
thnmnh the hill into the opfosite valley, ami lliete hud a vent at 
Capiittrclii, two miles fmm the h)ke. The water la said to flow sa 
liir as the ccnite of the hill, and to be there twenty fret deep, but 
beine obstructed by earlli fatten in, or want of level, proceeds no 
further, ('blique eo1l»Tera1 salleries were also contrived for ih« 
piirpoae of clearing the chdmiel of nibbish, as Ihe workmen 
adrauced. As the swelling o( the hike wa» attended with increiiibia 
4anBge, tke Msrsi hid ol^en petiiiimed the senate to drain itl 
Julius CxitT wniild have attempted it, had he lived Innger. His 
tuccessors were averse to the project, ttil Cl;iiidins, who delighted 
■ axpeauve, dilRciill eiiterpriee^i, uttdertook it. During the npaes 
of eleven years he emphiyed thirty thousand men iu digging a 
sage through the mountain, and when every thing was ready for 
Ittimg off tlie water, exhibited a superb naval spectacle on the 

f A great namber of condemned criminals were obliged to act the 
Ms of Rhudiani and Sicilians in leparale fleets, to engage in 
mest, and to destroy one anotlier for the entertainment of the 
(urt, and the multitude of spectators that covered the hills ; a line 
of vwH-armed vessels and rafts loaded with soldiers surrounded the 
scene of action, in order to prevent auy of the wretches from 
escaping ; but it was with great ditliculty and many threats that they 
could be brought to au engagement. When this savage diversion 
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wondirFut s(ary of lliis rliFr'.v rising in tlie distitnt moiinfains of 'lie PFligai, 
lake, wilhoal mixing irs wdtn nilh ic. Thoae of 
lalte are tbrnuelvei limyid and whulcadme, and if they were to lie coo- 
Rmoe in pi|iei, wiiuld ccrtoinl]' be ai puce and gpod at any i)>ring< 
ULtcvcr. A* the lung lerni of eleven jears, willi an enonnoiis inulli> 
tnde of liaiidi, whs i'm|>]nyrc) in lliit excavalion, il may perhaps hxve twen 
mrried s< fur al the bPgitinIng nf the aqueduiMS In tlir vak ot llle TrviTone, 
whei&lhe ruins an. alill to be seen, thungli al Inul IwHve miles in atlmight 
line froui the ktke. Fruntinn mentians hli having disecivcred (be real source 
•f the AqttnMarlia, between Cimnliuidilubiacn, tliirly-stz miles frarn Rudu') 
■car RioFrrdiluinibe Itniaati siaie are several wells, or air-holes, ilini wir« 
contrived for rhr use of ihc subiermneoiu tuudull, Uy wbicb its ivaicn ivecc 
ttcre conveyed [hroujh a meniilnin. 
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was endet). the operations lor opening the emissary commenced 
and the einpTor was very near bein^ swept away and drowned by 
the suildin rushing of llie waters towards ihis vent. However 
either Uirou|;h tlie ignorance or neglii;ciice of the engineers, the 
workilid not answer as was expected, and Claudius did not live long 
enough to have the faults amf'nded : Nero abandoned the scheme 
through envy. Hadrian is said to have let off the waters of the 
Fuchius, but none now escape excfpl throut;ii hidden rlianneh 
foroied by nalu'e, which are probably subject to be obslrucled, 
and thus occasiuii a superabundance of water in the lake, till some 
unknown cause rem'ives the obstructions, and a^ain gives I 
passage. As three coDsiderahle streams fall uito the lakci the 1| 
obstacle lo a discharge munt raise the level. 



Iff Ltganthin ; the celebrated Cascade 
r, and the turrounding Scenery, 



7. Rivers Anio t 
Jorm 

The general features of this interestiag and classical tract a 
country, sre so elegantly delineated in the following letter, written 
on the spot, that ne shall make no apology for iuserting it, though 
in a few places it may be thought, perhaps, slightly to digress f 
the immediate subject befote us. 



( have been detained (as 
letter) much longer than I e 
Horace. This was chii-fly o 
s /(a/tan— But the 
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ritten 
ough 



Rome, May IS, 17J 
ivill perceive by the date of this 
!xpected on my excursion to the Villa of 
ing lo the weather, which was by no 
mber of pleasing scenes, and interesting 
objects, that occur at every step of this little tour, to one who is 
fond of either classical aDtiquitiea, natural history, or landscape, 
kfinilely overpaid me for this trifling tnorlilicalion. 

The road lies through Tivoli, which is at the distance of about 
eighteen miles ftvm Rome: a place of which Horace speaks sa 
efleu and so afiectiomtely under the name of Tibur. 




TARACTS AND INUNDATIONS. 

Bt^t in order to lake mailers regulaily, I must lint stop yu^ 
abort of Tivoli about two or llirec tiiilua, where tlie mad is cros^tl 
bjr a sulplitireuus stre^itii, iu smell and laste very much reseinbiing 
thai of Hatrowgale. It fiows with great rapidil)' beliveeu twoslei-p 
banks, (hat liave not long since been made to carry it otf. Htre 
inj' poor dog Turqiie (wilb whose face jou are acquainled by Mr. 
TischbeiuS etching of il) had nearly fdllcu a sacrifice to my curi- 
dsity, or as you may perliaps call it my levily. Being desirous Iu 
lee huiv he would like balliiiig in a stream of sucli mauvaise otieur, 
1 threw a stoi>e in, that lie might dive for il. But he had do soonit 
plunged, than the violence of the torrent carried him above a huu- 
ind yards down, before we could overtake him, so as to give him 
any assistance ; and even then, the banks were so eiceedingly steeji, 
tkt it was not without dirticuly we succeeded in our efforts to get 
liiiD out. 

Upon tracing this stream about a mile upwards, we found its 
uurce in the little lake, from thence called Lago di Solfalar^ di 
Tivoli, which is further remarkable for the pheuomeua of certaiu 
little floating islands, some of which were fortunately driving about 
in tlie wind at the lime we arrived, and others at anchor in the bays 
and iiarbonn of this small lake. Our guide informed us they would 
brar Christians, who very frequently get upon them and push 
tbemselves about with a long pole for the amusement of strangers. 
There are remains of some ancient balhs, "hich are known to 
lave been frequented by Augustus ; and Galen mentions Ihem as 
i>ein2 good for rheumatisms and cutaneous disorders, but at pre- 
tent iliey are lolally abandoned. 

Il is estraordinary that these springs not only supply water for 
bathing, but literally the ma /erifl/s also for building l/athi. 

It appears that they formerly overfloweil (as indeed they would 
ilo at present, if not carried off by the channel abovemenlioned) a 
targe trad of laud, and by their successive deposilions of the cal. 
tareous particles that abound m them, have, in a series of ages, 
formed immense quanies of an exccUeut stone for building, which 
il called Travertino, 

Thb was in great use among the Romans, as appears from many 
of the ruins which remain to lliis day, and particularly from the 
Colosseum, or great Ampliilheatre of Vespasian, of which 1 gave 
3W BO account iti a former letter. I visiUd a quarry now working 
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to supply malerial9 for tlie new palace building by the pope's ne» 
plicw, the Duke Brascbi, and was much pleawd wilh the ocular 
demonstration of (he gradual formation of the stoiie in the niann>.-r 
already mentioned. 

Near the place where this stream crosses the roati, there is a 
great qnantily of a wild flowering shrub (of which I have forgotten 
the name) but in Judea it attains to the height of a tree : and it 
is said to have been upon one of this species (bat Judas hangtd 
himself. 

About a mile on the other side of the road, lie the ruins of the 
enormous villa of Adrian ; vthich is ssid to ha»e been seven miles 
in circumference. The grand scale of the fragments ihut still re< 
main, and their distance lirom each other, make this account ex- 
tremely probable. 

The soldier's quarter is one of the most entire, and might still 
serve as barracks fur a rasl number of men. There are remain> of 
Iwo theatres in a great degree perfect, besides another adapted for 
the representation of uavul combats; the water for which was am* 
plj supplied by aqueducts from tlie neighbouring mountains. Tliere 
are also traces of a most spacious Hippodrome, and very cKleniiit 
baths ; iii one or two of which, the very elegant stucco is still 
jierfect. 

The number of statutes that have been dug up here is almosC 
incredible. There h Iiardly a grand collection in Rome, which has 
not obtained from it some of iis principal omameDls, It seenu U 
if Adrain had collected here the choicest works of art, in every 
kind, and of every country; oral least caused iuiilalions to be nuidf 
of them, when be could not get the originals. 

This is clearly the case with respect to Egyptian antiquities ; a* 
there is in the museum of the capilol a whole room allolled to 
statues, made in imitation of tha Egyptian, (hat were dug up in 
the villa of Adrian. 

This soil is still fruitful of statues, to those who will be at (he 
paius and expence of digging for them ; and it is not long since ihal 
Air. Hamilton, an English artist, »ho bus long been settled bei^ 
found a statue of Antinous, which was valued at two lliousBmt 
|)Ounds, but sold I believe for soinelhing less t^o his holiness^ who 
intends it as a present to his nephew. The situation of the villa is 
upon a gentle euineuce that commands a diftMil view o( Rome, «ud 
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I tery gvuiA aiui pleasing one of the mouDtaius on each ^ule of 
Tivoii. 

The ground b agreeably varied, and the soil seems very fnvour- 
able fur irees. The air, tliutij^b surruunded by the compagna di 
RocuM, is said to be perfectly heallhy. 

Reluntkig uita the high road from Rome to Tivoli, where it 
cruMes the liver by Ike Poule Liicana, wefiud ibeaucieut lonibof the 
PlMuIian family; wliich is a large rouiid lour built of great blocks 
ftf Tnivertiuo. Tlie cornice Iliat runs round llie top, is ornamciiled 
with bulls' headi, interlaced uith lesloons of Qowers. There are 
also some remains of col in mis, &c. i» which resjxct only, (with tlie 
etceplion of being sonielhiog smaller,) it difiers from the tomb of . 
Cecilia Melclhi near iiojue. 

There is reasou to suppo.'e that tlie battlements were added by 
the Goths, «bo converted it into a fortress. 

Soon after, we began to mount the side of what Horace calls 
tbe ' supine Tibur,' through a beautilul wood of oUvcs, in whicli 
we fncnd a quarry of fltiweriug alabaster. 

Via were here diverted with a lad, who, according to the cusloia 
of the country, was driving a horse, rather heavily ]adi:«, w!|b 
Hones instead of a whip. This enaLbd liim to keep al a v^ry re- 
spectful Uisfance from the tail of a liorse, who, if ever he hatted, or 
turned nut of tlie way, uas sure of a stone's fulling upon Ids rump 
to exactly in the same place, Uiat his conductor muil have prac- 
tised Icing to acquire so much dexterity. 

The town of Tivoli is wretched, dirty, and uniuleresliiig in itself, 

t thesiluatiou, of it is so enchaiiliiig that I ajii almost inclined 
h join Horace in the preference which he gave it to all the places 
Kiiad seen. 

LAfier the lapse of so many ages, tlie characteristic beauties of 
n^oli continue so exactly the same, that it is impusiible to give you 
9 words a general idea of them, better than by a literal trans- 
piou of the poet's own words. Ode 6. B. I. — " The patient 
Lacediemon, and the fields of rich Larissa, di-light me less than llie 
house of the resouudhig Albunea, tlie headlong Aoio, ihe grove of 
'I'ibur, und orchards moist with streams, that change their course at 
ple,.a,..- 

The house of the resounding Albunea b the chief nmanient of 
X'twbf and cue of the diosI beautiful remams of anliquily. 
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It is a small round temple, of wliicli the inner part is inclosed by 
a high wall, liiat (in conjuuclion with Ihe external colonade) sup* 
ports the roof of the temple. The columtis are of an oriler re- 
sembling the Corinthian, ami of exquisite beauty and work man!) hip: 
and the whole is so happily proportioned, as to give it an air of 
grandeur, which ccrlaini}' does hot result from its size- It is seated 
on the edge uf a steep roch, full in the spray of the ' headlong 
Anio.' This is the grand cascade, at the foot of which, the water, 
in a succession of ages, has Imllowed grottoesof various shapes and 
sizes, that baffle every description but that of the pencil, to which 
they are most happily adapted. 

The grotto of Neptune is the most celebrated ; and is indeed 
uncommonly picturesque. Upon, orralherin fhe rock which fronts 
the opening of this grotto, are some remains, imagined by many peo. 
pleto be those of the house of Mantius Vopiscus, which Stattus has 
described in a poem of more than a huudred lines. I have little 
doubt however that they are mistaken, from the description itself, 
which speaks of more buildings than it would have been possible to 
place in a mere chasm, or (to use a word common in the norlh of 
England) gill, between lofly and perpendicular rocks. Be. 
sides, if here, it would have been full in the noise and even Spray 
of the grand cascade; which Statius speaks of it as a place * where 
Anio, though rocky both above and below it, lays aside his swell- 
ing rage and foaming murmurs, from a fear of dislurbtng the in- 
spired slumbers of Vopiscus, who was himself a poet." 

But whether »tuated here, or as I fully believe, where the ruins 
called Poute Lupo are ttlill visible, it must have been altugelher an 
unique, being built hi two parts or pavilions, having each a centre 
and wings, on the opposite sides of the river : these were most 
probably connected with each other by the very bridge I have men- 
tioned, while a tree growing in the middle was preserved with w 
much care, that its brandies were allowed to spread through the 
columns and even Ihe roofs of the building. 

The air of Tivoli appears to have been very friendly to poetry ; 
as many of the poels are known to have bad country houses here. 
That of Catullus m particular is pointed out. But it is not impro- 
bable, that the circii instance of Maeeiias having a country house 
here, might have a greater share in this inspiration than all the oa. 
tural beauties of the place. 
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It IS precisely througb the rain^ of the palace of Mxcenu. that 
there siill doHs oae of (De moveable ri%i>telt, of wlufli Honcc liu 
ared (o ipeak with so much pirasure. f l»ese »ir»m« arc *ll of 
n diverleil from tlie Aniu (now the TfveronO and alicr waier- 
I Ihe gardeus, and 'urmiig tlir milU o< ihr idwd, tail imo the na- 
nl bed of the riier, in Hie most varieii diid tMHutiinl t^iciiJes; 
lAich, lu dulinguisfa tlieni from Hie ^rand J<ill, are called by tbt 
Blian diminutive Cascateile. 
■ The Grove oi Tiltur lud'osIs firincipally of nhvei, the mort pic- 
Rsquc trees of liie kiod I t.ave seen ; and Irom the opeiimgs be. 
a ihem, you catdi many &v.r points of view ; paniculailj noe, 
! you see the tiigli ruck on ubicli th'^ town stands, si.wred 
ilH aumeroiu cascades; and hetwixt tbia aud the olive woods 
It sbelve dowu (o the ri\er, the distance is filled up with tits cs> 
t of the Campagoa di Hiim^, iti'er'.ircied with \hs public road, 
d termiDiiled by the dome of Si- Ptier's. Another is trom a small 
[olio, immediately overh^Dging liie Teveroiie, from which yii see 
r largest of the cmcatelle tailing in two tirvanis u))ou thr huge 
s-grown rocks below, where it meets the mum body of ihe river, 
ikh tumblei, is broken falls, through the contracted valley in 
at. 

In returning lo Tivoli by anolUer route, nearly parallel to the 
course of the rivtr, through Ihe luwer part of ' the forest of Ti- 
buriius,* we iiiid some ruin», commonly called Iho^e ot the house of 
Quiiililiiu Varus. ' 

There is a delightful view from hence through th^ wood to Ihe 
)citeofCamllus"s villa, which was rerlumly at. ilinogli tie would not 
allow it to be upon, the loot of llie 6x1,1 Sabine mountain, on account 
of Ihe contempt in whuh Sabine rusticity appears Ik m the follow- 
ing litjcs, to have been lioiden by the fashionablei of his day, who 
frequcated Tibur : 

My Sabine or Tibqriine farm 
Which (lipy wbo would f n'lillus charm. 
TUurHnt call j bul Uipy who hale. 
Will &itin« prove a anj rale. 

CalDll. in fund. v. 055. 

Here loo the larger cascalelle are Just seen (lirougli Ihe openings of 
the liees, while the three smaller ones rush murmuring through jht 



I 



'rtVf SPBINOS, BtVERS, CANALS, LAKE)* 

ruins of Ihe villii uf Mxcciias, down the wowJy liieep fvliicli forms 
the opposite bank of tlie tivei, and prescitt llie [uiinter wilt) ntie o' Uic 
bioeI picturesque oh.jccis iiniigitiable, llie loregruuud li> wtikli vttries 
beautifully ivith eveiy ^^P ^^ luken. 

But I luuit DOW quil Tivuli, wLidi I brlicve no lover nf landsc^e 
rvcr did wilboui regret, ajid haslea to tlie umu ubjecl oi my ex* 
cursion, (lie villj ut Hutace 

The villaofHordce was situated about fifteen luUes from TJbur. 
and about four from tlic aucleut Via Valeriu. So lair as the jear 
1767. a Freuclinian of Ihe name of Cbaupy claimecl liie houeuraf 
baving discovered it, though the fact is, lliat Ihe grcal«r pan of 
the ancienl geographers had placed it where he does, iu llie valley 
ef Licenza, The Abbe Doniinicu de Sanctis, who lias exposed ijie 
absurdity ofChBUpy's prelcnsious, has urilleu a bonk upon llic 
■ame subJect.Mhich \a certainly in one respect better than his~^ b 
abarler ; his proofs too are drawn froiu llie buat of aulboriliea— Ilia 
words of Horace binisclf. 

He sets out wiib slicwiug, tliat Horace had but one villa, and 
dnl in the part of Babina not (ai from Tivoli ; from Ihe circum- 
■lance that though Horace is perpetually speaking of diflurent places 
of summer resort which be frequented, as Tarentutii, Tivoli, BaiSf 
PtKoeste. &c, he never ntentious bis baviug uiiy property/ in any 
other place, and says exprc&sly, B. 2. Ode 18. " I ueittier ai>k tlie 
gods for more, nor tolicit my powerful friend for tjreater favours, 
being fully content with my Sabine farm alone." And again. Ode 
16, Book 2, 

Wliy ihoold t rlEinge my Sabine vale 
For ricJiei more opprc»ive I 

And to Mscenas, Ode 1, B. 5, he says, 

Enongb anil more tby boiuitj balb enricli'il me. 

Bui nothing, as the Abbe observes, conlribules so much towards 
finding out the exact p»rt of the Sabine territory iu »faich it was 
situated, as to ascertain the places near In which it lay; and 
Horace ha* mentioned three ; the ancient temple of Vacuna, Vuia, 
i(nd Maadela, 
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kkTaria, (to nhkli as lo Ilie cuunly tnwot be m^'ulioiM, E}H>t. 14. 
\ I. (hat Ins villa^ uitil i» sfiitl live lievtU ul luiuilici lo iidiisii< 
inciul buUneu) piiterves apjiiuviiiiy ils ndiuc eveu uiilo thi* ' 
Vicovaro iti Kalian sigiiiKiii^ ihe iown uf Virus tu ttlnttii it 
-Drolittbk it beluugcd, anil llieBioresuan \Wus Iiad a couDir) liCirt 
l^oear as TitulL 

fc,Vardella, a« «|»|>ears bv cui insrriptiun dug up nhnul the year 
)0, ftttudson tlie mJic of ibe aulieiil iVlaiiitdu ". Tlit&ciraini- 
msUnce, logvllitr wiili Hie resemblance in mjuiuI between llie 
6 DiguiliK and Lkenza, as pfun<iitiic>:d ity lite NHiivts, scinia 
e Ihal ibis U lh« river of ivkicb Horaie s)iu>kB. U. 1. SjI. (i. 
« 4irien as llie cool stream of Digeiitia rvfr^liea uiv nliHb M>i»- 
R fIriiibB, a town wrinkled with culd," A'c. Aj;aii>, Horace ends 
k epistle lo fii'^cus, B. 1. E. 10, iUMng, •• I write lliislu vuu tiaat 

4ud l))e inouttlertn|[ fane of Vucuna." 
^wr Varru asierls ibat Ibe {(oddest Vacuna, norsbiiipeil by lUe 
Ifiitea, ni^aiit Victory : mid it appears by an iiiscri)>Uun fuuuA 
'fboul lliirly years ago, iu digging a1>oul ibe ruitis, cnmniouly sup- 
])06ed by geugrnphers In huve been lliiue of llie lenipli' of V^icuiia, 
tliat tlie Ivniplv of Viclxry ou tliat spui uus rebuilt bj tbu lMit|-<:roc 
Vea|)aiiiaii, abotil a buudr«d years atler tbe time of tiurat'O, uliu 
ipeaks »f it as in ruiits ^. 

Add Ip tilts tliaC it is wllbiii an easy walk of tbe spot n|>an tbe 
borders of llie Liceuza, so marked out as llie furin of lluraee. 

• The insciipliun (which 19 on mnrblr, anil nas fuuiid in Ihc nngk, tonnei 
bjlliecQirfliifnceoFlheLiceiiiBan(ITnnTnn.-)runBlitenilljlliWb— Val-Maiima 
Mnter Dnmn! predia Valeria diilcIiEima Filia qam vixit nniiit >xxvl JUi-n. II, 
l>. Kii, inprcdtiBsiiis ■ mE sukdelani! Sep. reiiirum Herrules Qursq n imce. 
At il it inpnsii Ills even fur a claoicslsctiulor nnaccniilmiiFil Id Uit Initial cod- 
Iractioai and cliangn iif Iriieri Freqiient among ibi' ancienia, (n miilu (nibc of 
Ihli in^criplion (Khicb Chnupy iofrn from iu !<tile, the ronnoriliv lrllpr»,Rnd 
(he Cfcrlilian pliraie of gHiriciial in pa:-/, U> liave been wiillen iiboul the end 
Cflhelhlrdor thebtsinningof (hf fourth Cfnimy). Ijicre sulijnin lh;il which . 
keargaeflwIA much iopnuily and ptamihiliti, was liileiidFd In be Iho rrndiiif 
lea°;lb, viz. Valeria Maxima Dalibtu omnibuB priedua, Valoin diilcii* 
.'a qiw fiiii aonoB 30 menscG 9, dies 13. in prndlii suit Iqun toc.) 
MaadelaiiBB Scpulclirnui rCBlKuit M ornavit Valerius .Maximu- H.'rciilr». 
Vhalrver may be [liuught of llie sense of llie inscriplinn, 'hi' vitiniij of jb»n. 
tSLA ii forlunalcly etlablighed by il beyond nil pntiibli' dnubt. 

t Tbe InKrlplion it I,.ip. Ceeiar Vcepinianiis Aug. Pontlfei Mn»lmu! Tiib. 
<<»aMi>Cw»rJiitimyi«!lwUB¥cta«BtedllapMM»uftlaq»MWij^iitHtU. 
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If tlieae antiquarian proafs were less strong, the place itself would 
bear no fetbie testimony to its liaving been tlie seat of Horace, as 
lliere is not auy one of tlie numerous descriptions be Ims left of it, 
to whicli it does not at this day perfectly answer. Of these I was 
better enabled to judge by reading Horace upon the spot, and it 
will, probably, as you are so foud of reading him at home, be the 
|ileasautest method I can lake of describing tbe modem appearance 
of llje place, lo reler you to bis own descriptions of it in its ancient 
state. 

In tbe l6lb Epist. Boob 1, be says lo his friend Guinctius, " Lest 
you should ask wbellier my farm feeds its owner by tillage, or eit. 
riches him with oUves, with orchards and pasture, or the elm clotbed 
with vines — 1 will describe to you at length the form and situation 
of it. 

" It is surrounded by mouutatns uninterrupted except by a shady 
valley : of which the sub rising beholds the right side, and warms 
the left with his retreating car. What if it produces kindly cornels 
and wild plums, while the oak and holm oak delight the callle with 
Ibeir fiuit, arid their master with Iheii shade. You would say that 
Tarentum ilsrlf was brought hither with all its groves. There is a 
spring tit to give name to a river, cooler and purer than which He- 
brus ool encircles Thrace. It flows useful in pains of the head and 
indigeslions. These retrealsj pleasant, and even (if you will be- 
lieve mr) ili'Iighlful, ketp me in liealtb during tbe unwholesome 
hours of September.'' 

Upon this itxi I make no further comment than to observe, that 
all the trees here mentioned are found so plentifully as to appear 
the spontaneous growth of ibe country, ibougb the diflereoce of 
culture probuhly has introduced such a number of olives, walnuts, 
and cbesuuts, <bat they would hardly have escaped the mention of 
so accurate a painter of nature as Horace, if they had existed so 
|)letitifully in his lime. 

In every other respect tbe situation answers as perfectly as if tbe 
description had been just written; and Ibe circnmslance of tbe vines 
being raised on elms, continues to this day, though at so small a 
distance as Tivoli, tbe custom is universally to prop them upon reeda, 
of vthicb ihey make large planlalious for that purpose. 

' Tbe spring is not only " fit to give name lo llie stream that 
uaterslhevaliey of Liceuza, but is sometimes so abundant as toeo 
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in an ovetflow of the low ground n hich ii encircles, conformably 
b wliat Horace &a^s in reckoning the occiijialians i>f \m bailiff, 
tp. 14. B. I. " Tbe river, after a fall uf ruin, affords un a<<<!itional 
Ibployineni for vour idleness, to be taugbt at the enprn^e of niany 
i to spare Ibe sunnv meadow." 
I* The bailiffs corajtlaiiit that " that comer of the land «oukl bear 
I'jpepperand frankincense sooner than the grape," is thus tar just, 
ttat the prap''S ilu not succeed so kindly as the iiardier fruit trees, 
■ml still produce tbat roiiKb kind of wine Mhicb Horace so frequently 
describes. 



A gaid^n, and amid Ih 



The Gods have m 
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VIa Btiorcbardi tbrougb which Iritkles the water from the neigh, 
hiring spfvw crowned with the incumbent woods of Lucrclilis, 
pdfound nciAlsidenible tragmeut of mosaic pavement, which way, 
pXb the highest degree of probabiblv, be deemed a relic of the 
e of Horace. 

!%e ground is well strewed with fragments of various marbles, 
might be supposed to ornaiiienl the retreat of the elegant 
rourite of Mnceuas; at the same tioie that no massy or iiiuguifi> 
t|)t ruins rPinaia lo give the lie to liis profe>isions of philosophic 
ideratioD. I have picked up some specimens which I hope to 
ing you home, and a bit of glass, which appears much of the 
e sort with that tound amongst the ruins uf HerculaneuiR. 
1 Adjoining the vineyard is a beautiful litlle ciiesnul grove, at the 
|i>t of which wiuds the river 1 must now bi-g kave to call the 

bin this delightful spot, which ihroueh differcut openings of the 

ees presents alnioiit every object wunhyof uote iq the descriptions 

of Horace, relative to this place — you will readily believe I passed 

a few hours very agreeably, without any other company than that 

_<if Horace. 

; I had taken up my lodging at the house of the arch-priest, who 

■ I Portuguese ex.jesuil, a very civil man and not ill-l'ornied. I 

d the pleasure of finding id bis library (which by the bye wiu tbe 




Only Bpsre beiLroom he bad to oifiT me, and between tbe booln 
and the bed you might tit a cbair, but noi furn it) a set orChaiipy'i 
eswjB upon tbe miiiquiliee of the place, which ujioti ibe ^ot wer« 
Juterestittg and particularly Kalist'arluty, as tliey tended to conGriu all 
the reasons above slated, cuncerninj; ihe identity of tlie spnt. 

During my stay with the arch-priest, I made wreral pilgnmage) 
lo the luosl iiiieiesling Bpols in tile nciglibourhood, particularly to 
the ruins of lite rej(orerf Temple of Vacuna, wliirh are now only 
known to he sucb by the iiiscripttou befoce luenlioaied lo have been 
dug up there. 

As Horace says nothing more of the temple than that it was in a 
ruinous state, aud that he wrote bcbiud it. I had little more to 
iiitcrest my iniaginalioii tlian to form to myself the landscape, such 
as it probably presented itself to biiii at the lime of writing, and 
dope in some degree to communicate my idea of h to jou by tbe 
belpof a rough sketch which I made upon thespot. 

Upon this excursion 1 was unexpectedly altendtd by two lads of 
tbe village, W'buse curiosity appeared lo be so slrongl;' "witcd con- 
cerning me, tliat I could not find in my heart lo senrf^them away ; 
parlictilurly as from llieir spriglitly naivetfil could scarcely lielpfan« 
c}ing thi'm lo be tbe lineal descendants of the ner'nfc prccctcei (frolic 
hinds) whose Bailies appear to have afforded pleasure even to the 
mind of Horace. Upon our return we were overtaken by a smart 
Ebower, wliich obliged m In take shtlter in a hermilage [tear (he 
chapel of Madonna delle Case. The hermit was (as usual) an 
ecclesiastic ; and upon my putting some (piestjons to bim respecting 
the salubrity of thesilualion, answered, we take " reverendissima 
cura della salute?'') (a most reverend care of our licHlth :) Tbi» 
reminded me so forcibly of Falilaff's advice lo the I.ord Chief 
Justice, thai I could not retrain from a Emilc, which 1 fear he thought 
lierctically sarcastic, as lie immediuleiy added, (crossing himself 
Tery devoutly) " ciu& primi) della salute dt^U'uuima, £ poi di qiiella 
del corpo," that is, " liist of the soul's '.lealtii, and afterwards that of 
tbe body." 

My visit to Fonte-bello, the source of the Wgentia, that tumbles 
down a rocky gill of the mumilain Lucrclilis, pleased me exceed- 
ingly. I Eeemcd ti» have tbuud the orij^inal of the [Hclure Horace 
has given us in the l3lh Ode of fiook S, to the Fonnlaiii of 
Blaudi;siie. 

A regard for the truth obliges me lo confiss, that i 
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y pinusilily conteinled by Chaii|)y that tlip Fous Blaudiisia) was 
lot at the Sxhinu Fann, liu! in llie neiglibourhood of iLe birtif 
t of Horace, Tliis is, buwever, not only coutrary to the opt. 
IS of (I believe) all bis coniinentatora, but (in some degrer) (o 
e evtclciice of Horace bim^elf. For he tells us tlial he did not 
JMnmence poet till his paternal esliite hail been cunli^cated ; it i« 
rety therefore iest likely thut he should write an d./« aud promise 
)fiacrifice, to a louiiluin in Mn estate that he bad last, than in (mc he 
Hd since acquired, and to whose situalien lie was m> partiul. 
\ Notwit 1 1 standing what 1 have seen of Chaupy's works, I had ra- 
r err with other geographers 1h;in Ibiiik right with bim : and 
s ^r t acknowledge prejudico : but on the whole, the reasons E 
have ^iven induce me to think that in foUowing I do not err with tiie 
Dullilude. 

The whole of the Lucretilis is so pleasant, that Faunus (vid. 
Ode If. B, I.) could have no great loss in changing I.vcobus for it, 
being now covered, as thickly ai it was in the time of Horace, witb 
3 that wander in its groves, to crop the arbultis which abounds 
f, with the same impunity. 
^ T!ie epithet of " the leaning Uslica"' moKt happily distingnishei 
9 situation from Tivoli, which be calls " supine," aud the ex. 
easioB of " valle reducla," lias a propriety when applied to this 
(Aace, wtiich the " withdrawing vali:" seems not fully to express ui 
!BglUh. 

Ode is. Book I. Horace mentions the circumstance nf his having 
met a wolf upon tlie mountahi, when he had ucrideulully strolled 

Kyonrt his bonn^Iary—aiid those animals arc not yet thoroughly 
tirpated tVoui the vast woods that cover ttie heights of tbe 
»u II tain. 
{Bradtlrcct't Saline Famt^'i 
I 
tfc 



8. The River Pq, or Eridtmus. 



The Fo, Pad us, or Eridanus, for under all these names it haa 
u celebrdted in history and poetry of tiie greatest excellence, 

Ibe Mrgcst ami most extensive tivcr of Italy. In the infant state 
«f (he Roman republic, its banks were inhabited towards the head 
•f the river by the Salansi, and lower down by the Insuljres; both 
powerful people, wlio bttd frequeut, and at times, successlul coute^t* 
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with the RnrnRnx ; and, but their jealousy of <.-ach oilier, miphi for 
ever have defied the lEoiiian arms. One of llie braitchcs of Ihe Po 
was the Draria, which, at this period pnureil down, or was stip|)ose(t 
to pour down gold-dust in its sands ; which (he Salassi endeavoured 
to secure In iltPinselves hcfiire it reached the cniiutrv of Insubria. 
The Insiibrpa, iiirapahle of siipporiing lli<'ir own imagined rigiit, ap- 
pealed lo the eonsul \ppius Claudius Pulrher, who readily took ad> 
vanlaqe of the appeal, and immediately invaded Ihe Salaeni. At 
first, bowewr, he was unsuccessful, being defeated with a loss of 
five thousand men : lliough upon a second baltle he triumphed 
to au equal extent, and at length eralified him^If and his country- 
men by equally reducing both uatinuB lo a stale of subjection. 

Tliis ncble river, rises from mount Vesula, or Viso, on the very 
conGues of France and Italy, nearly in the parallel of mount 
Dau|>hin, in Dauphin^, and Saluzzo, in Piedmont, being almost 
central between them, at the distance of about 18 English miles 
from each. Thus descending from the centre of Ihe western Alps, 
the Po passes to the N. E. of Saluzzo, by Carisnan, to Turin ; re- 
ceiving even in this short space many rivers, as ihe Varrita, Maira, 
and Grana from the south ; and from the N. the Felice, Sagoo and 
Dtbers. Most of these streams having had a longer course than 
what IS called that of the Po, the Maira, for instance, might per- 
haps be more ju^lly rei(ardeil as the priucipal river : nay the Ta- 
naro, v hich flows into the Po, some miles below Alexandria, might 
perhaps claim, iu the river Slura, a more remote source than the 
Po itself. After leaving the walls of Turin, the Po receives ionu. 
merable rivers and rivulets from the Alps iu the N. and the Appen- 
nines in the S. Among the former may be named the Doria, Ihe 
Tesino, Ihe Adda, the Oglio, the Mincio : to the east of which the 
Adige, an independent stream, descends from the Alps of Tyrol, 
and refusing to blend his waters with Ihe Po pursues his course lo 
the gulph of Venice. From the south the Pu first receives the 
copious Alpine river Tanaro, itself swelled by the Belba, Bormida, 
and othiT streams : the other southern rivers are of far less conse- 
quence, but among them may be named the Trebbia, the river of 
Parma and Panaro, which joins the Po a! Stellate, on ihe western 
frontier of the former territory of Ferrara. Tiie course of the Po 
may be comparatively estimated at about 300 British miles; so that 
when buscbing pronounces it the second river in £urDpe, after tb« 




CATARACTS, ASD INTTKDATIONS. 

Danube, he tnusl have forgnll^n Hie Rhine, Ihe Elbe, the Odtr, 
the Vistula, not lo nienlioii the Loire of France, the Tnjo of Spain, 
and other nohle streams ! The numerous tributary rivers, from the 
Alps and Apennines, brin<; down so much sand and gravel that the 
bed of the Vo has in modem titne^ been constderablv raised, m> (hat 
hi many places banks of lliJrt\ feel in height are necessary to pre- 
serve the country from inundation. Hence hydraulics have been 
much studied in the north of Italy; and the numerous canals nf 
irric^ation delight and instruct Ihe irBveller. Perhaps by deepening 
tlie chief estuary, and bed of t)ie river, ei^ual service might have 
been rendered to conmierce. In the middle ages maritime combats 
look place on the Po, betneen Venice and some of the inlaud 
powers. It is remarkable that, from Cremona lo tbe sea. there is 
no capital cil^ founded on the mam stream of Ihe Po ; and tbe case 
was Ihe same in ancient times; an exception lo the supposilien that 
every river has some grand city near its estuary •, 



. Tfte Ttier. 



^^is stream immortalized in both prose and verse, and by far Ihe 
SUM considerable in the middle or south of Italy, is said to derive 
its name from Tiberinus, an early Latin king, and direct descendant 
of Oneus, by Lairuia, who was drowned ui ils waters in ihe course 
of a battle which was fought on its banks. 

It rises near ihe source of the Arno, south east of St. Marino, 
and passet by Perugia and Rome, to the Mediterranean, which it 
joins a^er a course of about 150 miles. It is said lo receive not 
fewer than forty-two rivers or torrents, many of rheni celebrated io 
Roman history; as is the Rubicon, a diminutive stream, now the 
Ftermesino, which enters the Adriatic, about eight Biiliah miles to 
Ihe north of Rimini. 

In consequence of these numerow torrents it nccasionatly over- 
Jtfws ils banks; and in an early period of the Roman empire, before 
H^'raibauhment was made sufBciently powerful and lofty, these 

• Ta (be N. of Ferran the Po <eemi as broad as thr Rhine al Dusieldorf, 
SlolbriE, ii. ST6 : but is probably oof abate half as Seep. Dr. Smiih, it. 380, 
compotM (he Pa, ni^ar Ferrarn, (o (he Macse at Rnltcrdnn), and ^ayi it h 
—Usriy ax wide. That ifaoe ii only a trancA of the Rhine. 
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eniptions were iin( onlv frequent btil for ihe wnsl p-irt very itU 
five. Tims io tiie reisii o(' Trajan, *ve are lolH, tlial il o 
ilslw.iks wilh prwiigtous violence, laid i;reBl part of the city uodrf 
water, nuerturntd manj houses, auJ in-'xhm-d ao tnurli ilamn^ la 
tbe mljoiDiiig ftuMs tis to occysioii a severe lucul fumine ; nuri all 
Itiis, nolwilhttanHins that tlie finperor liarf eiitleavi'ured lo gaxtA 
KgKinst tlie evil, Iry tou^» for carryiog off llie surplus waW in llw 
cnse of nil iaimiliilion of ihc Tilwr, Aurellnn pursued aiiotlii^r friHii^ 
BU(( tWpeiiefi iXi clraouel, while lie eiiritlied its banks with numeRms 
ami exleii^ive wimrfs. SiHI, iKMvever, it ocaastoiuilly produced iha 
»me public mi«cliier, oud in llie reigti of Valeuliniaii, overflcnreil lo 
Hieh a degiee lli»l it bid all lire lower parts of Ruinu under walcr, 
and tlie inUahitanls were nbliged lo save ittemselves upon the hilb: 
itliere llie rreiilcr number »f them would have })ei<fiti«d of Imogtir 
bad Dot Claodiua, prefect nf llic dty, sent tbvm a seasonable supply 
«f proviiiniM in boata. Il was ValenliniaR who crowned tite 7'rbcr 
«ilb the celebr-died brtdf;e, wliicli wd* at first called the bridge of 
Gratian, and afterwards of Ceslits. Il is ihe Ponto di S. Barlolomto. 
It! St. Sadlioloinew's bridge, of Ilie preseU duy. 



SECTION IV. 



PEEIODICAt. SPRINGS AND LAKUS. 



1. Inlfodnaory Ohsimaliont. 






ISStoNG t^e natural phtenomena that tite surface of Ihe e: 
ptaya to us, there are lew more curious than those of inleriiiillin$ ~ 
or reciprocal iiig I'ouulains or other bedi of water; (lor is it by tny 
nieaus uu easy matter to account for so exlraordinary a fact. Aa 
irrejjularily of flow is indeed by no means nncomiiKin ; most ot'lli* 
In.iliiig springs lire siibjeet lo it. But there are others Hmt eriiice 
stntost as Tcs'diir and ptrrodical influx and refluK as Ihe tides 4 
dcean; while, not iinfreioeutly, Ihi'se attefalioBg i 
tH»e« in a day ur even in an hour. Perhaps Ihe causes ate irj 
and are somelinivs jubtevriinean and at olliers superficial. ■ 
i>|)eakit]g, springs and lakes nf this descri|)tion hjve beeo asce 
Hi cainmnuieale wilh a luwer layer of the same, ilirotlgli [1 
apertures of various dtumekr, which ktvc equally tu c 




OATABACTS, ANI> INHK DATIOKS. 

Mten Bod lo mppl; ihein afinli. Aud in such cata lite flux md 
II of tb« up|ter IttaA of water niusl nMe>«arilj dcpctid upoa Ibe 
itale of lliat b«lonr: mad ibe causes tthich allcnialtl)! siignient and 
diminbh Ihe latter must produce a tiniilar effect u|<uii tlie rumicr. 
And il i? (tossibie that Ibese causes lliaj' be, as we ^ball preieolly 
£ud was long ago iitgeujou^lv conjectured bv the younger Plinj', 
Ngular curreots of air jirotiuced bjr tlie peneiratjng infiuence of llie 
iun,~a communication with ibe sea itself: or a pctiodical return 
ofiubterraneao beat or olber agencj below the interior reservoir 
tbt maj drive additional waters into it, or expand lliose of nhicli 
il coDsisIs. 

In the pre^nt day, however, the common principle upon which 
tilts phxnomeiion is accounted fur is that of the hydraulic machine, 
tailed tlie Cup of Tantalus -.—an iuslrunieni consisting uf a vessel fur- 
nished with a :iiphon or lube with two legs, the one shorter than the 
Hlier, and wbicfa may be attached to it ia dilferenl wajs. But l>iis 
"ill not account for fountains with irregular ebbs and flows; 
Md lienee, Mr. Gough, while he attributes the regularly recurrent 
(prings to Ihe explanation of a siphon, has proposed anoilier theory 
<o account for iliose of a difl'ereiit kind, and which, in truth, is not 
■u removed from one of the modes conjectured bv the younger 
Flinv. Mr, Gotigb's ibeury, together with his ex|ilaiiation of Ibe 
tomtnon theory of the siphon, we shall give in a subsequent part 
t)f tin; present section, altoiled lo an account of the alternating well 
11 Giggleswif k, in Yorkshire. 

' In Switzerland springs and lakes of this kind are peruliarly com- 
■OiiD ; and Mr. A<ldison in his Travels endeavours to account fur 
■boM which he met by a different process, but a process however 
*bich it must be obvious can only apply In a few. We saw, says 
'". in bis description of Getieva and Ihe lake, in several parts of 
'«i Alps that bordered upon us, vast pits of snow ; as several 
■Donnlatos, tliat lie at greater distance, are wholly covered with it. 
' fancied the confusion of mountains and hollows, I here observed, 
fiirnished me with a more probable reason than any I have met 
"ilh, for these periodical fountains in Switzerland which How only 
^t particular hours of the day. For as the lops of these moutitntns 
*ast Iheir shadows upon one another, they binder the sun's shining 
■*& several parU at such times, so that there are several heaps of 

^Bew which have the sun lying upon them for ttvo or three bour» 
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together, and are in the shade all the day afterward. If, therefore, 
it happens that any particular fountain takes its rise from any o\ 
these reservoirs of snow, it will naturally begin to flow on sudk 
hours of the day as the.«now begins to melt ; but as soon as the sin 
leaves it again to freeze and harden, the fountain dries up and re" 
ceives no more supplies till about the same time the next day when 
the heat of the sun again sets the snows a-runntng that fall into the 
same little conduits, traces and canals, and by consequence break 
out and discover themselves always in the same place. Editor* 

2. Comian Springs 

^ PLINY TO LICINIUS. 

T HAVE brought you, as a present, out of the country, a queiy 
which well deserves the consideration of your extensive knowledge 
There is a spring which rises in a neigbouring mountain, ai4 
running among the rocks, is received into a little banquettiog* 
room, from whence, after the force of its current is a little restrained^ 
it falls into the Larian lake '**'• The nature of this spring is ei« 
tremely surprising : it ebbs and flows regularly three times a day. 



♦ Now the Logo di Comoy in the duchy of Milan. Como or Comum is tlie 
city in -n hich the younger Pliny was born ; and upon the banks of the lake 
his elegant villa was situated. 

In the Natural History of the elder Pliny, book II. chap, ciii, we are also 
told of a fountain in the vicinity of the same lake which ebbs and flows every 
hour; and Catani, and various other writers have conceived that both descrip- 
tions refer to one common fountain, and have consequently pretended tt^ 
detect a palpable disagreement between the elder Pliny and bis nephew f 
Catani supporting the testimony of the former from ocular observation, the 
fountain being, as he tells us, still in existence in his own time, and denoini* 
nated Pliny's well. It is by no means certain, however, that the foontain 
described by each of these writers is the same, nor does its character, as giveft 
by the one, very strictly accord with that given by the other. The elder Plinjr 
expressly denominates it " a large and broad well ;" while the latter repre- 
Bents it as a small enclosed well ; or in his own words " a well received fntiv 
a UUh banqurtting-room." The point however is not of consequence.— Ther^ 
are Various other wells of a similar kind which are noticed by the elder Pliny^ 
and especially that of Jupiter, in Dodwia, of which the reader will meet witN 
o farther ac count io another section of this chapter. Kpitob. 



CATAEACTS, AND INUHDATION9. 83 I 

iacreasc and decrease is plainly visible and very amusing to 
oliKcvers. Vou sit down bj llie sidi: of tlie fountain, and whilst . 

are takiug a repast, and drinking its water, nliich is extremely 
(mI, you see it gradually rise and fall. If you place a ring or any 
Iliiug else, at tbe botlou), when it is dry, tlie stream readies it by 
4tgttes till it is eiilirely covered, and then gently relires ; and if.you 

it you nidy si^e ii thus alternately advance and recede three suc^ i 
ceKive limes. Sliall ue say ihat some secret current of air stop» i 
J opens the foimlain-liead as it approaches to or retires from it^ I 
we see in bailies, and ulher vessels of titat nature, when there ia ' 
t a free ami open passage, though you turn their necks down. ' 
irards, yet the oulward air obstructing the vent, they discharge 
their contents as it were by slarls I But may it not be accounted fot j 
npou the same principle as the flux and reHuK of the sea? Or as 
Utose rivers which discharge themselves into I he sea, meeting witU 
contrary winds ami the awell ut ihe ocean are forced back into tlieic 
cbaunels: so may there not be something that checks this Ibunlain, 
for a lifUe, in its progress] Or is there rather a certain reservoir 
it contains these waters in the bowels of the earth, which, while 
it is recruiting its discharges, the stream flows more slowly and in 
leas <juantily; but when it has collected ils due measure, it runs 
Hgiain jo ils usual strength and fulness. Or, laslly, is there on I 
know not what kind of subterraneous counterpoise Ihat Ihrows up 
the water when the fouulaia is dry, and stops it when it is full 1 
YuUt who are so well qualilied for the' enquiry, will examine tha 
reasons of this wonderful phenomenon : il will be sutlicieiit fur me, 
if I Lave giveu yon a clear descriptiou of il. Farewell. 

[Meimotb's Trans.} 

3. Padcrborn Spring. 

In the diocese of Paderborn, iu Westphalia,) bere is a spring whicli 
tlimppears twice in twenty-four hours, returning always after six 
hours with a great noise, and so forcibly as lo drive three mills not I 
At from Us source. The inhabitants call it the bolderborn, that is, 
llie boisterous spring. 

[Phil. Trans. 1665.] 

TUere ar: various chiiuical remarks appeuded to lie above brief 
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description, which, from the loose and unsettled stale of the science 
in this early perod of its exisleiice, are of no value in ihc present 
day, WliitsI upon this diocese, however, we may be permitted to 
Teniark that Pnderbom appears at tlie era before us lo have been 
celebratedfor various springs of an extraordinary nature, since in the 
same votame ne meet with the following account, which wc quote 
rather for its singularity than ils containing any thing that can be 
very minutely depended upon in the present more accurate and cau> 
lious state of science. 

" In the diocese of Paderborn, about two leagues from that town, 
is a spring,called Metborn, with three streams, two of which are not 
above one foot and half distant from each other, and yet of such 
cfifTerent qualities, that one of them is litnpid, bluish, lukewarm, and 
bubbling, containing sal-ammoniac, oker, iron, vitriol, alum, sulphur, 
nitre, and orpiment ", used against epilepsies, diseased spleens, and 
the worms ; (be other is ice-cold, turbid, and whitish, much stronger 
in taste, and heavier than the former, containing much orpiment, salt, 
iron, nitre, and some sal-ammoniac, alum, and vitriol. All birds 
that drink of the tatter are observed to die ; which I have also made 
experiment of, by taking some of it home, aud giving it to poultry, 
after having ealen oats, barley, and bread-crumbs: for soon after 
drinking it, tliey became giddy, reeled and tumbled upon their backs, 
with convulsions, and so died with their legs much extended. Giv- 
ing tbem common salt immediately after tbey had drunken, they 
lived longer; giving them vinegar, tliey died not at all, but seven 
or eight days afler were troubled with the prp. Those that died 
being opened, their lung; were found quite shrivelled. Yet soine 
persons who are troubled with worms, taking a little quantity of it 
diluted with common water, have been observed by this means t» 
kill the worms in their bodies, and discharged great numbers of 
them : and though it makes tliem sick, yet not so as to endanger 
iheir lives. 

The third stream, lying Iwver than the other two, and about 20 
paces distant from them, is of a greenish colour, very clear, and ofl 
a sourish sweet taste, agreeable enough. Its weight is a medium 
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beltteeD that nf tbe otlier two ; whence it is probable lhi( it ia a 
mixture of botli> meeting there together : To conlirni wliicfat ^^ 
mixed eqiiul quanliiies of Ibose two willi a little common welU 
Hater, and found, on stirring Itiera together, and peniiittiiig (faeui 
to settle, that tljejr produced water »f the same colour and Taste su 
iliis third stream." Editor. 

4. Ley-well Spring. 

Going a-shore one da;, I wdlked about a mile into the countiy, 
lo aee a well much talked of, near Torbaj, called Lay-well, which 
niade me more than amends for tbe pauis [ had lakeii lo come at 
it> It is about 6 feet loug, 5 feet broad, and near 6 inches deep; 
md it ebbs and flows often evetj hour, verj visiblj ; for from high- 
waier to low-water raaik, which I meaiiured, 1 found it somewhat 
more Ihau 5 inches. I could not see an; augmentation above mji 
mark wbeu it flowed, nor fell it brlow my mark when it ebbed, but 
always kept the same distance. The flux and reflux, taken both 
logclher, was performed in abi'Ul two minutes ; nothing could be 
more regular, each succeeding the other as the tides of the sea do. 
t drank of it, and found it a pleasant, delicate, fine, soft-water, not 
brackish at all ; which the cuualry people use in levers as their or. 
dinary diet drink, which succeeds very well. 

On a second visit. I observed it performed ils flux and reflux iu 
liltle more than a minute's lime, yet ii would stand at its lowest ebb 
Mmelinies two or three minutes i so that it ebbed and flowed by my 
*ilcli about iti times in an hour, and sonielimei, 1 have been told, 
% Ai soon as tlie water in the well began lo rise, I saw a great 
"^uy bubbles ascend from the bottom; but when ihe water began 
'olall, the bubbling immediately ceased. The whole country adja- 
cent ii very hilly all along Ihe coast ; from Brixam to the top of the 
I'll! Ii about a mile and halt', the well is about half way up the hill, 
"bcl hereabout is somewhat uneven and interrupted, and comes 
WX at a small descent, yet considerably liigher than the surface of 
'li* sea. The water does not scetn lo bir impregnated with any 
mioeial. Its taste is very soft ami pleasant, bus no manner of 
rougiiness in it, and serves for all manner of uses to the country 
Ptople in their houses ». [P^. Trans. iOgS.] 

' There laaDoIhcT dMcrlpIion of Ihit (pring toniniard in Ihe lanie excellent 
Ji>urnal,yearlT32,byMi.Ja9ri>hAiwtil.aDd>ticnip(e(l(abeeiplaiae4b]>liin 
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The editors of the abridgement proceed to give a long aeeonnt 
of Mr. Atwell's explanation of this system: but as the reader wfll 
find a much easier and simple;r ilhistration by Mr. Gough in the 
ensuing sub-section, it is unnecessary to quote it in the present 
place. Editor. 

5, Giggleswick JFdL 

A description of this fountain has been given by several visitors, 
but far better by Mr. Gough in the Memoirs of the Transactions 
of the Manchester Society than by any other Writer we are 
acquainted with. This gentleman first briefly examines the nature 
and history of the more curious periodical springs that have beeo 
observed and described^ and particularly those of Como» Dodona, 
and Paderbom, which he ascribes to the principle of a siphon ; and 
then by way of explaining this principle and of developing the wdl 
in question proceeds as. follows ;— 

This instrument consists of a vessel furnished with a siphon^ 



upon the principle of siphons. ** Mr. Atwell/* says the writers of the recent 
Abridgment, *' comes now to hi« hypothesis, for explaining the phaeDomeit 
observed ; and he imagines them to be occasioned by two streams or springs^ 
one of which passing through two caverns or natural reservoirs with siphooi» 
meets with the other stream in a third reservoir, without a siphon; where being 
joined, they come out of the earth together. 

The petitio principii, or supposition of reservoirs and siphons in the 
bowels of the earth, has been made by others : P^re RegnauH, in his Phil. Coi« 
Tersations, Vol. ii. Conv. 6, p. 125, &c. En;;, edit, has mentioned it in general; 
and Dr. Desaguliers, in Phil. Trans. No. 384, has attempted to apply it to two 
cases in particular; as Dechales, Tract, xvii. do Fontibus Naturabilis, &c. 
prop. XV. had doiie in two other cases before him. It is indeed unnatural, or 
hard to be granted. Whoever has seen the Peak of Derbyshire, the billy parts 
of Wales, or other countries, must be satisfied that they abound with caverns ci 
many sorts. Some of them are dry, others serve only for passages, or channels* 
to streams, which run tbrous^ them; and a third sort collect and bold water* 
till they are full. They must also have observed, that there are sometimes nar- 
row passages, running between the rocks which compose the sides, and ffoing 
from one cavern to another. Such a passage, of whatever shape or dimensions* 
how crooked and winding soever in its course, if it be but tight, and runs fren 
t!ie lower part of the cavern, first upwards to a less height than that of the 
cavern, and then downwards below the mouth of the said passage, will he a 
natural siphon. 
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nliicli iRa<r Ue attaclied to it in dilTerent ways. To avoid the 
iwccssily of a djugmin, we will suj^wse the boltoni of llie vessel to 
be perforated, aiid the longer leg of Ilie siphon to pa^s llirougli tlie 
hole, being tinnly cemented in a position, »liich places Uie liiglieat 
point of tbe beud »i11iin the vessel, and lialf an Jndi or an incli be- 
low the brim, and al the same lime keeps the open or lower end of 
the shorter leg al a sniull dislnnce from Ilie cup's bottom. Water 
fioijs tb roll fib a lube in an uniform stream into tbe cup; wbere it 
ii cnllrcled for w^iat of egress, and entering the siphon at llie open 
tiki of tbe shorter leg, it rises gradually to the bend or lirghest 
painU Tbe snbsequciiE rise of the water in the cup, forces the 
column in the asceuding leg of the sipbnn, to pass over iulo the 
<iwtnding or longer brantli ; upon which ibis instrument begins to 
art, not in the inaniwr of a simple tube, but iji its proper character. 
Kow tlie draft of the siphon is made to exceed tbe opposite stream 
stsupply of water ; in consequence of which contrivance the cup is 
Biipticd again sooner or later; at this moment the action of the 
liiilioii ii Mispended, until the cup is replenished by the constant 
mrreiit. lu lUh manner the water will be seen rising and fitlUitg 
rfltniately in the cup, which will be full and empty, or nearly so, by 
turns. Similar vicissitudes will also lake place in tbe siphon : for it 
^11 ran so long as its.shorTer leg is in the water, and then stop, until 
'lie highest point of the bend is again covered by the contents of 
\hr cup, 
Tbe transition is easily made from Tantalus's cup to a fountain, 
' Kbich reciprocates periodically; fur we have only to suppose a se- 
<nl reservoir to be formed in the bowels of a moutLtain on the prin- 
ciples of this tiistrunient, and the following appearances will take 
iiW in the visible well, which receives tbe water I'rom the natural 
^iplion. Isl. So soon as the surface of the pool in the suhlensnean 
reservoir, rise* above the licnd of the siphon, this canal will begin to 
iicl; and its discharge uiU be greater at lliat momeni than at any 
oilier period ; because the power of a siphon is greatest, when tiie 
diitRQce, betwixt the bend and the surface of the water in the basin, 
is least. 2d. This abundant iullux into the external well wilt make 
'I hue; in consequence of which the efflux will continue to increase 
"' llie outlet) so long as the water continues to accumulate in ihe 
^i'ilile basin. 3d. Now the discharge from the outlet, which be-, 
'oinrs more copioiu every moment, beit)^ contrary to Ihe influx. 
e 4 
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from llie siphon, wlircli grows gradually weaker, the surfuce of tht 
ivell tvill cease (o me so soon as these opposite powers are equil in 
Ilieir effects-; and the flow will be at the full in tliis instant. 4tb. 
The well cannot remain slatiuiiHry, for any length of lime, at iti 
highest elevation ; because ihe vigor of the siplinn being perpetu- 
ally on the decline, all the water discharged by it will run dS 
through the ouller, together with part of that, which had been prC' 
viously accninulaled in the visible fountain, during the lime of the 
flow. 5tl). Hence it is evident that the Hell will begin Id »ubsi<le, 
ihe moment it becomes stulionarv; afler which it will persevere ia 
a retrngrude motion, until the iiphoa shall have emptied flie sub- 
terranean reservoir, 6lh. If no veins of water discbarge ibeniselvei 
into the visible basin, besides the siphon which runs periodically, 
the spring is called an intermitting fountain. Tiie Bolderbom is of 
this kind, for it remains dry while the secret reservoir is tilling, and 
flows while the siphon is in action. 7th, But if the spring receives 
other supplies in addition to the inlennitting current, il U called a 
reciprocBthig founiain; because ihe stream that issues from the 
outlet of the visible basin is permanent, though il varies in quantity ; 
on this account the well ebbs and flows alternalely, but never runs 
itself dry. All the fountains, which will he inenlioned in Ihe sequel 
are of thbkuid; and Pliny's well, near Coma, appears to. possess 
the same character from his description of it, $lh. The fluctuations 
of an ebbing and flowing well, which is fed by a siphon, will remain 
invariable, so long as the stream, that falls into the Eubterranean 
reservoir continues to be uniform. But these external and visible 
operations of the well, are so far under the influence of the current 
last mentioned, that they will evidently suffer a temporary suspen- 
sion, so often as the influx into the concealed cistern, amounts to a 
certain quantity in a certain time; for the siphon is but a second- 
ary agent in producing Ihe phenomena of reciprocal ion, its business 
being to empty the subterranean basin, so ot'ien as it is replenished. 
Now the time of filling this magazine of water will be the shortest, __ 
when the influx into it is most abundant, and Ihe contrary; conse- 
quently an increased discharge into the subterranean reservoir, will 
diminish the intervals of the siphon's inactivity, and prolong the 
periodsof its action. It follows, from these premises, that when 
the influx becomes equal to the feeblest effort of the siphon, Ihe 
quantity of water thrown into Ihe concealed basin, wili eiaelly 
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inUrbalance the fjuantitv which b ilrawn nff bj ibe rrookcrf 
nniil : and the externiil weil will assume the cbaracler of a commna 
fbunluin under ihese dtcum*rances. 

I have now explaiued the principlMj on which the comtunn theory 
of reciprncnting springs ii founded ; and the nece^ury ci>DH^ue»ea 
of the theory are slated in tht; eight preceding prtpmiiioru, Thb 
has lieen done, In shew with vrhat ease a naiunil afnyeintnt on llie 
cooslruclion of Tantatus'i cup elucidate* the a|ipeani»c<-«, wliicli 
have been ascnbeil bv writers to the fountains iif Oodona, Coiiia, 
and Paderboni. The o|)eratiaas of theae spriiii!* are h.t)>fnly illot- 
tnited by the instrunienl in quesrion; on which areoum I da not 
liesilate to pronounce the theory lo be a good one, to far a« it 
relates to theae fuuntainn alone; provided they are lai hfully 
described. The simplicity of (he preceding explanatioti, <inil iti 
coincidence with the uarratives of the two Pliiiyf, as khI a>> the 
history of the inconstant brook in Weblpbalia, dbjio-^d mr lo 
admit the romraon theory, and to iiiiat>lue it to Ite ■ (jually applicable 
to reeiprocaiius fountains in general; until an inntance occurred to 
my notice, whirfi proved that, ftuctuating fnutilain* rtn not umver- 
lally eshibtl the jieriodieal opcralinns which arr diwnliert by lh« 
vtiterB alreatly quoted. I made a visit to Otga''^*'*!''!' W»'ll> I'l the 
mtumn of 179^; which taupht me to value Ihi- uuce favourite 
theory not so highly, and in piirtiiuhir to diipuie the uitiverx ilily of 
ilt tpplication. The causes uf thei-e doubts will be eaMiy perceived 
trom the following description of the well xml ito ojtemlinfit. 

This spring lies at the foot of firgi-ieswick Scir, uhich i-iahillof 
limestone in the Weat Riding of VDrksl:ire, rh> water (Jiiicharged 
iiy it, falls immediately fiiln a stone lrou::h ; m Ihe front of which 
ire two holes near the bottom ; these are the outlcta of two streamii 
that Sow constantly from the artificial cistern. Au oblong nolcb b 
iIbo cut in the same side of the trough ; which ealendi from the 
brim of iti nearly tn the level of the Iwu holes alread> men In mud. 
Iliis aperture is intended to shew the fluctuations of the well : fur 
the water subsides in it wlieii the stream issuing from the rock Ix. 
comes languid : on the contrary the surface of the water riiu's agab 
iu the notch, so soon as the influx into the trough begins tn be nM)rti 
copious. The reciprocations ul the spring are easily obierved by (lijl 
coDtrivauce; and ihey 4p|H^ar lo be very irregular both in reipecf 
the interval of time belwixt any 
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tno succeeding flows, i^ sometiiiies greater, and ut oilier times less, 
tliaa a Muiilar intervHl whicli liie observer may liappeu lo tali* lor 
Iiig stHiidBrd of comparison. The rise of the water in llie cistern, 
during the liuie of t lie weli'ii flowing, is also ei|iiaily uneerluin: fvr 
it varies from one inch, to nine or ten inches, in llie course of a few 
reciprocations. It is necessarv to remark on the pre«eiit occasii)!), 
tliat tlie spring diachnrges hubbies of air, more or lea ci-pioii$ly 
into tiie trough: Ihc^e appear in ihe )>reatca abundance at the 
commencenieiit of a Sow, and cease during itie ebb, or at least 
U&ae from the rock veiy spartii)^ly at tliat lime, In fact, Ihe appear- 
ance anH disappearance of tlicsi; buhblfs, are circumstances equally 
inconslant with llie ri>c and fall of the water. 

The irregularities eAhibited by the ebbing and flawing well, 
duriug my short visit, diminished the rts|>rct which I former^' bail 
for the popular theory, more especially wlivn coniidL-red as a gencml 
enplanation of reciprocating springs. This change of opinion nas 
suggested by the caprices of the well ; which were loo many and 
too singular lo be ascribed to ibe uniform operations of a single 
siphon, as We have seen alreadv ; and the actidenlal combination of 
SLVcral siphons in one tounldin, is a conjecture too improbable ia 
itself to demand a serious discussion. My suspicions respecting 
the accuracy of the princi|ile were not a little increase(f> by the fol. 
lowing descriptions of tivo recijirocating fountains. Weeding Well, 
in Derbyshire, appears to be more fickle and uncerlain in its recipro- 
cations, than Ibe well at Giggleswidi. Dr. Plot describes this re- 
markable fuuniain, at page 41 of his History of SlaH'ordsbire, where 
he reports it to be verj uncertain in its motions, ebbing and flowing 
sometimes thrice in aji hour, and at oilier limes not ot'tener llian once 
in a munthj he also quotes the following character of it, to lite 
same import, from a latin poem by Mr. Hobba. ^^ 

" Fons hie teniporibus nee tollltur (ut Mare) certis; ^^M 

" ^stibus his nuUam piietigit Epiiemeris lioiani." ^^ 

The following account of a reciprocating fountain is extracted 
from an article in the second vulume of Lowlhorp's Abridgement, 
page 3t'S; iu which care has been taken to presiTVe the facts 
recorded hy the aulliiir, Di. W. Oliver, in language more concise 
than his own. •• Lay \Vi;ll, attn luibay, is about aix feet long) 
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five fiicf broad, ani) near s'w indies deep ; i[ *|j!is ami llnvH v*^ 
^ viublj'; and inati^ times in an liour. 'I'lir reuprucMl ions ^uccicrf 
I cacli olher more rtipi<4!y wlien Ibe uHl is full, Iliuii lliey do wftea i 
once llie fountain began lo flow, il petforiueti Ha I 
i flux and refliu in liltle more ihau a iiiiiiule's linii;; but the JJocIo^ I 
observed it lo stand ?oiiiPliniPs l*o or three miuutps at its loweit 
ebb ; so tlial il ebbed and tlowed about l(i linx^s in an boiir, bv fiil 
watch. Su snnn us the water began to rise in Uk well, be saw s 
great number of bubbles ascend from ibe boltoin ; but vrbea tlie ' 
wafer began lo fall, ilie bubbling ceased iniinedialely. Tbe Doctor 
nieasuri^d ibe distance betwixt llie biyli and low walermarks, nnt oa 
s perpendicular Mne, but on a slope, and fuund it exceeded five 
incbes. 

Tbe tbree preceding instances of irreputar redprocatioti ttndoubt* 
cdly diminishes ibe iniporlnnce of tlie popular llieorv, by prnviiig 
Ihnt it is not of universal npidicalion ; as it oiiW explains Ibe «on- 
stitutioii of those fountains, wliirli ebb and flow periodically. Ttic 
Bolderborn of Westphalia, may be reasonably prououiicvd lo be uf 
this description ; as for the fuunlaiii of Jupiter in UoJona, we know 
too little of it to judge of its true cbiiracicr; and it is not inipivbai 
ble but future obseivutions will add Plin/s Wdl lu the clau of 
irregular reciprocators. 

It may be reasonably supposed, tbat since I have endeavoured to ' 
contine the established theory of reciprocation lo one or two sjiriogj 
It most, a new exphmalion will be oflered on my part, compreliei 
ing tbe phenomena of those wells, wliich ebb and flow according lo 
DO certain rule. Before I make ibis attempt, il will be proper ta 
give a mure circumMantial account of the appeai'ances e^Ilibited bj 
tbe well at Ciggleswick, than iia.i billierto bem published. I neg' 
lected, when in tlie country, to preserve a correct register of its jluc- 
tuationi, and coinmitted no other observations to uriling, cxce)>t 
those which appear in a former part of ihis casay. This onmsioii, 
ilowever, has been fully suj'plied by Mr. John Swainston, of Ken- 
dal: lo whom 1 formerly conimunicated my imperfect remarks on 
Ihis well, re<]uesiing him at the same lime to note down a series of 
its operations, at some convenient opportunily. This request v,n 
complied with by my friend ; who bits digested his observations ia 
tbe ttfllowing table, which merits the esteem of the natuinlisi, u 
being a fuilbful bistwy of ito singular founiaig. 
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Ohteroaiiims made on Giggleswkk JVell, August 20(A, 104,^1 
3 lo nearly 6 P. M. 



Oa first coniiog to tbe well it contioued floning n 
and then as in the Table, 
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Mr. Ewainstou has fa?OLireil me with the following explanatory 
remarks; which, perliap^, will llirow some additional light on the 
history and pmperlies of Giggleswick Well. In the two ohservalions 
marked uith crosses, llie water fiowtd slowly for the first 3 or 4 
inches, and then rose very quickly, until llie cistern was full; ihe 
same appearance look pl:ice not viifrequently iu tlie course of bis 
remarka. Where the blanks are in the columns marked slationary 
at ebb. the water Sowed again Instantaneously ; but there are some 
inaccumcies in Ibis part of tbe table ; for Mr. Swainslon was inter- 
rupted more than once by trnvetlers stopping to let their horses 
(iriiik. The term stationary at ebb, signifies that the surface of the 
water in the ciAern was slationary at its lowest elevaiion; at which 
time the discharge from the trough was commonly confined to the 
two holea near the botluni of it. 

I have now staled all the facts in my possession, that relate to re- 
cipmcatiug springs. The fountuins which have b^cn described, are 
sis in number, of these the inconstant brook in Westphalia, appem 
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BiwdwtatMfcrtaty; h«l the opetMiou of ihe lkn« 
g spcii^i, «nd WOK espKnHj the Rgntef of Gitf t w wit k 
K tbe kjpodmn of a apkm 
n ; whkh « ssprrfical isipfctiM tt ibe table atU dttcanr lo tba 
esder. 

e Ibeory, wbkb I shall now profou ht tbt Mphaaliuii of 
irregular reciprocating qnings, oas sug^lcd b^r an aocktmral ob. 
Nidation: nhich occurred la Mr. Swainsltui, whom I b»w nieB- 
tioned above. This gentlemut, wbo b a manu&cturei of Alorocci)- 

»leatfaer, lias a cuDlriTHnce in liis works, lor ibc purpose of lUling a 
boiler of a particular couslruclioo wiib water. Tbu sppuatus 
consists of a tub. wliich is cotuidetabty elrvaled above tbe boiler. 
The water is coovejred frooi a pump aloug a Irough iuto ibis vessel ; 
from wbich it runs iiaruedialely iiito the upper e\trtiuily of au in- 
rertcd sipboo, whicb is ceiuenled into a bole in tbe bottom. Tbis 
compound lube consists of ibree branches or legSj the lirst 
descends |>eTpendicularl,v beiieatb tbe tub, and b tbe longest of the 
three ; Ibe second a^cenda again and carries tlie water, wbich comes 
■ ^to it from the first, to a couveuieiit height above llie brim of lb« 
; tbe third is a descending leg, wbich performs ihc office of 
lEle, ibat is, it discharges tbe water I'rotu tliis crooked cuuhI into the 
Mr. Swainston ob^rved b> accidtint, that when the wurk- 
n were tilling the vessel last -mentioned, tbe water reciprocated iu 
^e tub, the surface of it rising and failing nllenmlely in a inunner 
Which be conid not explain, \>y supposiuj; some sli{;ht irregulaiily ia 
the management of the pump. When the appearance was mure 
carefuDy examined, lie found a corresponding vurialion in the etttim 
at the nuzlej for when tbe water was ri»in^ in the tub, the stream 
wu perceptibly weaker at this outlet, tbnn tt was during the ebb or 
fall of tbe water in the vessel lasl-iueiiliniied. lie &rtlier observed, 
_;tfaat when tbe water in the boiler rose liigb euough to cover the end 
|f RDzle of the siphon, bubbles of air were seen ascending frum thin 
:e, during tbe ebb in the tub, or at least during the former jrtrt 
; but that they did not appear during Ihe flow, or whilst the 
ptalerwasaccumulalingintbetub. The fluctuationa iH'rc dcscrilied, 
e far from being regular, either in maguitudoarduraltQii; for the 
mier rose much higher in the tub at one tiine, than if did ut 
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auollier; and the intervals lietuixt flow an<t flow, or «lib anH e 
wtifp very uiirqual. In I'act the Hppcraranres seen iu Itiia veM 
iiiiiialcd the caprices aiiit aiugularilits of Giggleswick Well in a 
Dattifiil and gurpritini; niimner. 

Tlie e\itct comcidecce ol* the effects, produced by aa anificUI 
apjiaratuj, aiid 8 noted reciprocal iiig fouiiiain will tialurjlly turn 
the atleiitiou of tlie cuiious tu ini|iiire into the cause of the irregu- 
lar umtioiis, wliicli Mr. Swainston observed in bh reservoir. Tlie 
drcunistance oD ivliich these fluctuations depeiideil, is easily under, 
stood; for, seeing; the inverted siphon discharged bubbies of air 
occasionall; into the boiler, it is manifest that this aubile fluid 
entered the lube, mixed with the water, or in other words in the slate 
of foam. Now it is well known, that the bubbles, constituting Ihia 
frothy substance burst, and the air separates froni the water, whea 
the agitation ceases; by which the compound was produced. Sucli 
a separation would take place uuavoidably in the siphon ; because a 
current flowing iu a tube moves un smoullily, or williuut uilerrup- 
tion. which is the cause of agilalion. The process here described, 
dbcovers the nature of the phenumena which are exhibited by Mr. 
SwainEtou*s ve&ici; for the air, which separates from the water in 
the siphon, is collected tu some pnrt of I bat tube, most probably la 
a ben<l connecting two adjacent le^s ; where it forms a bubble or 
inasi,Iai^e enough to produce a cunsiderdbie obstruction inlhecur- 
lent, by contracting the area of the (ripe. The water will evidenlly 
li^c iu the lub, so long as its efllu\ is interrupted by tliis obstruc- 
tion; bnl the action of the stream in the siphou will push the mass 
ef uirfrom place tn place iu its own direction until it shall be dis- 
charged al the uozlr. The removal of this inipnliineui will restore 
lliesltcam 1» its full vigour; upon which the water will begin In 
snhsidc in the tub ; and it will cunlinue to do so, until ilie surface 
arrives a\ lis proper level; unless a st-eoiid collection of air liappenk 
lo be funneil in the mean time. We have now iavestigaied the 
nature of the reciprocation, observable iu Mr. Swaiostuu's uppaia- 
!us, it proceeds enliiely from the oJiMruntiou of air bubbles, lodged 
in the crooked canal; the formation of which depends on causes 
llial act in a fortuitous or irregular maimer j couscquently tli« 
reciprocation which results from their uniied operations will pruf) 
to be equally nticertain and variable. 

Should the pre!:eding theory uf an ebbiug aud flowing ves« 
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i apiirolintion, lie will be dM[)oaed lo lliinb, that 
e true nature ot'reciprociiliiiE; t'ounlaim, whtn tie 
mparEil the fliictuiitioiia ol' lliese springs lo the luterrupteJ and 
;iilar stream which wsuei from a bottle. lu fact, only one cir- 
sunislance seems wanting to render his explanation of the pheno- 
iiwuon complete : lie bas not iufornied liia friend Liciuius, how he 
suppuies ihe air gets into (he su bier run eaii di'iinnel, wiiicli Dupjiltes 
Itix well with water. Perhaps litis umisiiiun was tJiceSect of design, 
rather than of negligence j ibr muiiy pliiluiopliers in Pliay's time 
lield the gjngular opinion, that the earth possesses ihe faculty of re^ 
■piratioa like animals ; in consequence of witicb it inhales and 
exjiires air through the cranoiefi anil caverns, which extend to its 
surluce. Siij>posing Licinius tube of this way of thinking, Pliny bad 
ao reason lo telJ this ingenious and learned man, that be imagined 
the outlet of the fountain bad a cotiimunicalioo under grouud, wilti 
une of these spiracles of the globe. Be this m it may, Ihe nolioii is 
too absurd to be nientioued iu lite present improved !itale of Natural 
Pliilosopby, in any other light tliaii as a curious document of the 
puerile coiiceils with tvhich Ihe |}hi!os(ij>h^ts of ancient times 
iiDir>«d their hearers. In the foregoing attempt to complule the 
theoryt 1 have had recourse to a well hiiowii [iliennineuon; water 
b beaten into foam by being agilaled ; which was the case by Air. 
Swainston's vessel, because a strong current tell into it from ihe 
^■guuip. There is, however, one objection slill remaiDiug, which do- 
Hkrvea lo he considered: ihe levily ol foam, compared with ihu 
HPbperior weight of water, may lead some persons to suspect, that 
'Vijs light substance will not mix wilii waicr, but will dual on llie 
surface of the reservoir, in which it is formed. Supposing this 
luspii'ion lo be well-founded fur the sake of argument, we must 
ullow Ihe foregoing theory of reciprocating vessels to be deffclive 
lu a very esseuiial point : because if faum caniiul siuk, Ihe air that 
|>roct:ed) from il, cannot lind its way iulu the tubes or siphi 
which convey the water from such vessels. Being miwilling to 
leavt this uhjeclion unanswered, 1 resolved to put Ihe Iruth uf this 
firiiiciple to the lest of direct cx|M;rimcut; which was litine in tba 

tbllawiiig simple manner : A small ball glass, being lir'.t filled with 

iS uivcrled in silt tpiarts ol The some fluid, conluiaed in a 
all tub. lliings being thus prepared, Ih^; conleti of tbu open 
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vessel V re<i ik-d briskly i and lite air wliicli cnlereH (he waler, 
f u I tB wsv lulo tlic inverted glass, the upper part of which il 
occup ed [ I e wuler of the tub was agitated by Ihc motion of a 
wh sk or d I idle of slender twigs ; it was sotnvliinei liikeii up io 
a p tcher a 1 returiii'il into the vessel quickly, from the height of' 
a foot or more ; both methods proved successful, but the former 
appeared to introduce air into tlie glass with more expedition than 
the latter did ; ihe difference here mentioned, may however depend 
eutirely upon manngement and accidental ciTcumstances. The expe. 
liment which I have now related, shews the foregoing objection to 
be of no niimient; conseijuenlly (he present theory of irregiilur 
reciprocation may be proiiouticed lo stand upon a sate foundation, 
and unexceplion'rihle principles. 

The observations which have been made on Mr. Swainston's acci- 
dental discovery, render an elaborate inquiry into the constitution 
of Gig^leswick well uuneceasary. Nature may be easily supposed 
to have produced an appanttus in the side of Ihe hill, possessing the 
mechanical properties of the reciprocating tub, and all the pheno' 
mena will follow, which are so remarkable in thb fountain. Let us 
imagine a reservoir to lie concealed from view under Ihe rocks, 
into which the streiim of a subterranean brook falls, and beats part 
of its contents into foam by agitation. Let this cavity he connected 
with the external or visible basin; by a narrow serpentine chink 
concealed in the interposing strata; and the reader must perceive, 
without farther explanation, that this conduit vtill perform the part 
of the inverted siphon already described, and exhibit the operalioris, 
as well as the irregularities of the fountain in question. The same 
internal structure may he supposeil to exist in Lay Well, near Torbay: 
but soniethmg is required, in addition to this simple apparatus, to 
account for the casual reciprocation of Weeding Well, in Derby- 
shire, It is not a ditiicult task to accommodate the theory to the 
description of this spring; but when we consider how imperfect 
such descriptions are commonly fonnd lo be, it ;<ppear9 more 
adviseahle to pass over this fountain in silence; until some accurate 
observer shall present the public with a correct and minute history 
of its operations. 

[Nickolson's Journal, Vol, 35. No. l63.] 
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6. Lakt Zirkniser, in Carniola. 



Tills la&« was by Ibe ancicHls callrH La^ra Pb1u«, b; l!t« mndenu 
hiem Liigeuii tlraiigh at firtsenl its Laiiii name be Lacus Ciritoi- 
criMi) in High DiiUh Zirckui/tr tea, and m oar Curoiulan tongoe 
Zirliniska Jeseru. It is at the diaTauc« of G German miln from ibe 
ni|iiia| city of llie province Labac, and ii a good German mile long, 
mil about li»lf as much ui brcHdlli. lis ordiiutTv Acfih » 10 
tiibils, its Ira^t 5 or Q, nr«ly $, iH grraieit ii I6 cubits. Il i^ 
t\a) vhtte EutrouiiHetl tvilli wonriy mouutaiiu, which on tlic louUi 
Ud vmsl side are (cr; higlif au'l 3 raikx broad, runuini; far into (he 
Tuiliisli country, and afTuril notliiiig but borrid stony dcserli, over- 
imwn tt'ilh trers. 

In tbe mountaio callril Javomik, ntar the like, ttiere arc two 

Iwitt, or exceedingly deep |>recipires, in n likli niauy ibnusaiKt wild 

^ans roi»l all tlie winter : enttriig in aittuain, and coming out 

Milh the first uf Hie itpriog ; wbal ihey live ii'iui- hi lliew cavema is 

ntlinawD, b(it pediaps Ibe nifrous sand. On the uiher hill called 

tllTtnta, is a bole uf an unknown depth, out of Mliicli ihereoAen 

r hrothe noxious stenmst altemleH wJlh lempetls of tliuiidcr and 

li^itnin!! a"^ '■^'l- 'fl*'' '^''^ itv'ias e*'«^y where surrounded with 

n Diounittitis, and iiowberc mnniNg over, nalure bus given il two visi> 

to bit channels or ilony caverns, by whicli the water rons under lh« 

H Ikountaiii ) and a ihird cnncealed subteirancjut pHua^e, wliicb 

V *illiout doubt cominnnicaiei with the oilier Iwn under ground. 

I lliit water having run half a Gcimaii mile, comci nut at llic other 

'h1< of the mountain, in ■ deserl [iliice al a stony cnve, and forma 

""^ nver called by the inhabitants Jetero, that h ilie lake. Ibis 

"''tt having run half a ((uarter nf a mile enters a wiile stony cavpro, 

'inning slowly uiidtr llic lull for the simce of a gooil niu«l(ct-»liot. 

"'^n coming out agara on the other side, tifier it bug nn Ihrnu^'h a 

""all plat, it enlefs a ihird cavern or ;^roito; » herein having pasjcil 

^'^ )iaces, it runs no longer peaceably as before, but with gtLUt nui^ 

'"I'l roaring falls down a very sluep cliamiel of st-ne. 

About the feast of St. John Baptist, or Sl Jiime^ lide, and some* 
'"Hca not till Auguil, the water run* away, and it is dry; bul it tills 
'Saiii in Qcloher or November ! yet so as not to observe any cer- 
^^ tiaic ; for sotuetimes if has been dry twice or Ihrice iu a year, 
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vliicL makes the fishing vcnr' considerable. Somelimes again, tltrnmb 
but seldom, it bas happened to be 3 or 4 years together full of 
walcr, and then is the best of the fishing. But it never jet wai 
observed that this lake was dry for a wbole year toi^etbi^r. 

In tliis lake there are many pits in the shape of basins or caul- 
drons, which are not all of the same deptli or breadtb ; the breadth 
of them beinp from 20 to 60 cubiln, more or less, and the depth 
from 8 to 20 cubits. In llie bottom of these pits are several holei, 
at which the water and fishes enter when the kke ebbs away, h 
Ibe months of June, July, and August, when this lake begwite 
draw off, it grows quite dry in 25 days, if no great rains intervene. ' 
And the pits are all emptied one after the other, iu a certain and 
never.faiiing order of tune. 

When the lake begins to sink, which appears by a certain sloae 
vrhich they observe, the inhabitants of the town called Oberdorff 
or Seedorf, give notice thereof to all the neighbonriug fishermen, 
that are appointed by the several lords having right in this fi^ 
ing. The people of this town have orders not only to watch the 
falling away of the water, but likewise to take cure that nobcNly 
presume to fish in the lake when it is full of water, that being for. 
bidden. 

The first pit, called Maljobercb, is only a depression of the bot- 
tom, without any holes in it ; but there grows much grass and weeds, 
and many fish are caught there. Three days after the water begins 
lo ebb, this pit is emptied. Of this the parish clerk of Seedorf 
gives notice by tolling a bell, and all the inhabitants of the town, 
old and young, men and women, lay aside all other business, and 
go to fishing, quite naked as they were born, without any regard H) 
modesty or shame. The fish they catch they divide in halves, one 
part they give to the prince of Eggenberg, as the lord of tbe manor, 
the other half is their own. The pit Velkioberch is emptied the 
third day aflcr Maljobercb, the manner and right of fishing is in 
that. Four hours after Ibis, the pit Kamine begins to empty ;herc 
Ihey generally fish with a trawl, as in ^veral other pits of iesstr 
note, having first purchased leave of the lord of the manor. Here, 
as also in the pit Sueiuskajamma, which sinks one hour afler Kamiov, 
sre many fish caught, and abundance of large crabs, but they are 
lean and of no good taste. The fifih pit Vodonos, dries five dayi 
after Kamine. lu this and the other pits which follow, they Aih 
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"(id a long liel or sajne. Here iliey cau liave no more tbau five or 
'n liuwU) by :eik$iin oI'iIil- great Bwittne^ with wliicli ihe w^ittr runs 
wiyHlllielioksiu tltebutluiii, which issiich tlial a liursecHii liurill^ 
teep puce willi it, aDil carries Hwuy llie fiali willi great viuk iK^e uuder 
Ok eartl). Suiiieliiiies when iLe lislieruiea are not iiiinble, Ilii-y can 
scarcely get two liawls bel'ore tl;e walcr is gone, Tlie pit Loutet- 
schkik evacuates a day atid a halt' after Vodonos; llie lialiingisatlQr 
the same mauner, uud tlie same cauliuu necessary, became of iLe 
tudden receas of tlie water. I'lie water leaveti the pit Krulouduor 
]2 hours after Louretscbka, and 3 days after that llie pit Itesclieto. 
la thb latter, in llie year i6S5, after tiie lake liad been soiue years 
without being dry, tliere were taken at the first hawl 21 carts of 
&h, at the second J7> and at the third <J. The pit Ribeskajanima 
fills dry at the same time with Reacbeto, which is thai next to it. 
Ill this pit they lisli under ground, which is a curiosity not uupiea. 
nnt, and differing from all the rest. For there is iu the bottom a 
^1 hole in the slone, by which men may easily go down with 
lifted torches, as into a deep cistern ; and there is under ground a 
lat|e cavern like a vault, the bottom or pavement whereof is as it 
WK a sieve full of lillle holes, whereby tlie water runs aivay> leav- 
ing the fish dry, where Ihey are caugliL The pit Reibje is empty 
5 hours after Kibeskiuainma, and in of no great cojisequence for 
M, An hour after this, the pit Sitlarza, and iu 5 or (] hours more 
Lipauza falls dry. 

The third day after lUscheto the pit Gebiio empties ; in this they 
Hrely fish with nela, but let it fall dry, and Ihe holes in the bottom 
being so small, that they exceed nol the siiie of a man's arm, all the 
gttat fish are left behind in Ihe pit. Two days after Qebno the pit 
Kuleu becomes dry; in lliis they sometimes take the fish as in the 
fecmer, but the holes, being larger, let more fish pass. The pit 
Aim empties 4 or 5 hours after Koteu ; in this they seldom let the 
"»ler ran away without using iheir nets, as in Gebno, because of 
one great hole in the bottom, by which many great fishes may es- 
Mpe. The pit Zeslenza sinks 3 hours after Ainz ; in this ihey aU 
"aja fish with nets, as in Pounigk, which is emptied the next day 
>l^et Koteu. 

Tlie last pit. called Leuische, is evacuated the ihird day after 
^°unigk, that is, the ^5^h Hay from the beginning of the recess of 
Ibe water of the lake, so that in Q5 days the fishing of this lake i> 
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OTcr. lii tills last pit, about )/ years since, there fell a flasli of 
liglitning, about the time of fishing, which sfmined a niullitHiIe of 
Inrge fishes, so as tliey filled 28 one-horse carts with ihem. These 
fi^h are not properly tliun<ter struck, but only stunned with the vio- 
lence and siil|'hurtou3 vapffur of the lightning, which malies them 
rise and swim as deud on the top of the naler i but if tliey be liken 
Tip and pnt in fresh water, they soon recover, otherwise tliey die; 
this is no uncommon accident in tliia lake. 

The fishing being thus ended, a signal is given, ^y tolling the beB 
in the chapel of St> John the Baptist, near the lovrn of Cirkuis, 
Upou which all the inhubitaHts of the neighbouring villager and of 
Cirkuiz, without regard either to age or sex, go mostly quite naked 
into Ibe.lalic, and look for feh among the weeds and sedge, aul 
in the smaller pits ; and many creep into the subterraneous cuverm 
and passages, and find many large fishes there. 

There are, besides these, some other pits in the lake, in whttlr 
tliey fish lUicwise, as also in Mala karloun and Velka-barlouzn: in 
both tbeBe they go far under ground with lighted torches and find 
fish. In Velka-bobnarza one may go in at great holes, and descend 
many fathoms under ground; These two names Velka and Mala- 
bobnarza signify m the Camiolan tongue the greater and lesser 
drummer; nor is it without wason that these pits are so called: for 
when it ihmiders, there is heard in these two pits as it were llie 
sound of many drums bcatirig. 

The two pits Narte and Piauze are never emptied, bst always 
remain fenny, when the rest of the lake is quite dry. It is believed, 
that in these pits the fish lay iheir spawn, and therefore it is pro- 
hibited to fish m them. In them is an incredihle number of hoise- 
lecches. These often slick to the people in the fishing time, some 
of them bemg dispersed all over the lake, and the method tbej 
(ake to get them off is to get some other person to make wat« upo 
the leech, which makes it let go its hold. 

There are in the nioimtain near the kke, but something highti 
than it, two great »nd terrible stony caves, which, though far dis- 
tant from each other, have yet the same effect, via. when it thua- 
ders, these two caves emit water with a wonderful and i*icretltljlt 
force, and with it sometimes a great quanlily of ducks with some 
fish. It is not to be weodered that the lake fills so fast, for consi- 
deciug the violence nilh which the water rushes, it is-likc it gical 
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Tiveti Itiis cave beiug a falhom wii]«, anil lijglier tlian a mau. It 
u ilungeroiis to enler into lliis cave, because tlie walen cuine so 
luddeuly, that it b loinetinies imjiossible lu escnpc ibem, 

Wken it fuiu« moiUralely, tlie water spools willi great violeiice J 
«[ I fathoms perpeiidiculurly out of Liie |iils Kuteu and Kesleuia. 
It conies likewise forcibly out of llie spring Tresenz, as likewise out 
of Velkioberch, bringing witli it at lliis laUer abuudunce of lisli, 
aad tome dueks. But wlien it ruins very iiard and loug togeiLer 
fspechilly wilb thunder, tlien the water breaks out ivilli very great 
force, not ouly from all Uie aforesaid pits, boles, and caves, but 
iikfH'ise at several lltousaud oilier lillle boles, wblcb are oil over the 
botlnm of the lake, asd whicli, wIkq tlie lake is dry, driak up the 
witers of liic eight rivulets tliat run into it, spouting several fiitbonu 
higli) from soise perpendicularly, from olhers oblicjuely, making a 
TtTj pleasant sight. And out of tlie pits Vodonos, Bescbcio, and 
some others, having great holes at tlte boltom, there comes with 
(lie naler a great ijuaHlily of fisli. In case of great rains, the eight 
rivulets runnitig into it are liltewise Biucb increased ; so that, all 
tilings conciHring, tlijs lake in '24 hours time will, from quite dry, 
be full of water, and sometimes in 18 hours; though at other times 
il lias been known to be 3 weeks in filling; but it is a constant 
«lit«Tvutiun, that thuruter helps much to (ill it spi'eilily. 

TItis lake, bring thus by turns wet and dry, serves the iBliabitnnls 
f"i many purposes. For first, while it is full of water it draws ta 
il seveial sorts of wild geese and ducks and other water fowl, as 
herons, swans, &c, which may be shot, and are very good meat, 
^M, as soon as llw lake is emptied, they pluck up the rushes mid 
*Mds which make excellent litter for cattle. Twenty days after it 
Bfiiliy dry, tliey cut a great tjuantity of hay upon it. Afier the 
li'yitoff, they plough it anil sow millet, which sometimes by the 
loo sudden coming of the water is destroyed, but it generally comes 
'o nialurity. While the millet is on the ground, they catch a great 
xuniber of quails. The millet being otF, there is a good pasture 
'^srcaiile. When the lake is dry, there is great variety of huatiDg: 
*' 'liere comes out of neighbouring woods and mountains plenty of 
iinrci, foxes, deer, swine, bears, &c. as soon as the water is gone. 
"lien it is full, one may fish in il. I» winter time it will be so 
Hinily frozen as to bear all sorts of carriages, which is a great con- 
^'cuietice to the people to fetch their wood and other ueceasariea. 
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Lastly, at Hie time wbeti the water goes away, it yields great abun-. 
<1»iice of fish, as beforesaiJ. And that which is most wonderful is, 
tlial all iliis comes to pass iu the sume place, and the same year, viz, 
if the lake be early dry, and it M not too snon ; but it is to be iiolcd, 
that the bay does nol grow, nor is the millet sown all over ibe take, 
but only in the more fertile places. 

ii Tlifteare only three sorts of fisb taken in this lake, which ar« 
vei^ netl lasted. They are the mustela fluviatilis or eeUpoiil, some 
cf tliem weighing 3 or 3 lb. i tench, some of lliem weighing 6 or 
7 \b.; and iliirdly, pikes, in very great plenty, of 10, 30, 36, and 
some of 40lb. weight; in the bellies of these it is common to find 
whok ducks. Crabs are found no where but iu Ibe pits Kauiine 
and Sueinskajamma. 

The causii or rather modas of all these wonderful phenomena iu 
Ihe lake of Zirkniiz, is probably as follows. There is under the 
bottom of Ihe lake, another subterraneous one, with which it com- 
municates by the several holes described ; there are also some lakes 
under Ihe mountain Javornik, whose surface is higher than that of 
the lake Zirknitz, This upper lake is perhaps fed by some of those 
many riven, which iu this country bury themselves under groumi, 
uud has a passage sufficient to carry the waters they bring uDtO it ; 
but when it rains, especially in thunder showers, which are the most 
hasly, the water is precipitated with great violence down the stetp 
valleys, in which are the channels of these rivulets ; so that the 
water in this lake, being increased by the sudden coming in of the 
rains .faster than it can empty, swells presently ; and finding several 
holes or caverns in the mountain higher than its ordhiary surface, it 
runs over by them, both into ihe subterraneous lake under that of 
Zirkiiilz, into which the water comes up by Ihe several holes or pits 
in the bottom of it, as likewise by visible itassages above ground. 

That some of these passages brin^ lish, some ducks and fish, 
others only waler, seems to depend on the posilion of the inward 
months of these subterraneous channels; for if they be so consli- 
tnted as lo draw off the water from the surface of the upper lake, 
on which the ducks swim, they must needs be drawn away by the 
stream into these caverns, and come out willi llie waier; but if the 
channels open into the upper lake under the surface of the water, 
and from thence ascend obliquely for some sfiace before they came 
lo descend ; tlii'u tbe water they carry is drawn from below the 
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surface, aod cnnsequenlly can bring will) it do ducki, but only &ib,' 
Those pils which yieW oiilj water may well be supixiseO to be led 
by passages too narrow to let the fish pass, though their multitude 
nia^ make (he quautily of water ibey emit to be very considerable* 
The manner of the falling away of the water or enipljiiig of the 
luke I thus explaio : After a lung drought, or want of rain, all the 
springs that feed the upper lake under Javomib are much diiniubh- 
til: so that wanting fresh supplies it ceases to run over by the 
several channels ; hence the lake of Zirkniti, anil that uniler it are 
fed only by the eight rivulets that always fall into them ; and then 
the water draws off faster th;in it comes in, both by the channels of 
Mala and Velkakarlouza, as also by a cimcealed subterraueous 
passage out of the under lake, which latter alone is able to transmit 
mure water than the said eight rivulets afford. Couwqiientty the 
bke must sink, and that m a ceitain proportion of liine, depending 
ou (lie quantity of water to be evacuated, compared with the excess 
of that which runs out above what enters it, in the same lime. 
Those pits that are higher are soonest dry, the lower latejt, and so 
come to be emptied in the order above described^ And when tlie 
lake is all dry, then the said livuleis soak by several very little 
boles in the bottom inio the nnder lake, and all iheir water is car- 
ried away by the sublerraneous passage. 

The ducks so nflen inentiuned, and which are cast otit with the 
water, are generated in the lake under the mountain Javornik ; wiiea 
they first come out, they swim well, but are stark blind, and have 
no feathers on them, or but few, and therefore are easily caught; 
but in 14 days time they get feathers, and recover their sight yet 
sooner, and afterwards fly away in Hocks. They are black, only 
white OD (he forehead ; their bodies not large, resembling ordinary 
wild (lucks, and are of a gnod tasle, but too fdt, having near as much 
fel as lean. 1 killed some of them as soon as they had been cast 
out at Sekaduize ; and opening their bodies, I found in them 
mueb sand, and in some few small fishes, in others green stuff like 
grass or herbs i which was the more strange, because I never found 
any green tiling growing in any of the sublerraneous grolios or lakes 
_ in Camiola. Almost every year, at a hole in the mountain called 
Stoiseg, about half a Geraian mile from ibe lake of Zirkuilz, near 
tbe town of LaaSj whenever there happeu great fioods of ntin, this 
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sort of (tucks is cast out in great abuodUDce, by Hie wiitet gnili 
out with muth lorce.* 

[favaaoT, Phil. Tf 



SECTION V. 
BUBBLING, TEPID, AND BOILING SPRINGS f, 

1. IntToductoii/ Remarks. 






Heat, water ami Tapours of various kinds, exist 
quantities beiicntb the suil'iitt: ot Ilie earth; ami frequcully, as 
have alrendi seen tn the jiiieiioiiicna of volcHiiues aail curthquxkei, 
burst iurlh from euormous jaws ur opcuiugs, ami tvitli tremeuilous 
ticilrucliou. Il often liuppeus, however, that ibi' ojieuiugs are Bnisll 
and porous, und that tlie beat or vapours that ascend tbrougli them 
only ascend iu a stale of union tvitli water. And lience, that almost 
iiifmile variety in the elidractcrs of those fountains and lakes that are 
found to be cnuibhied with extraordinary materials. In some cases 
Iht: elastic passes or vapours ascend from specific levity ulone, and 
deslilule of ail tasle and odour; and «e have met vtith s))rin£sthat 
bubble without boiling, or belruying iieat or any other tbreign 
projierly. At other times, ibey are strou^ly impregnated with 
heat; and are liien either tepid or boiling, according to the pro. 
poitioQ of extricated caloric they contain. And occasiooullv, 
whether hot or eoM, they are inltrmixed with metallic, sulphuious, 
saline or other substances, ami hence assume the name of ininenl 
waters: while if Die substauut: tlius dissolved be coinbustihlt, H 
naf>hlb», bitumen or turpentine, the fouuluiu will olteu inSauie ud 
burn upon the apphcaliou of a lighted torch. 

U)H>n lliis snliiect ninny of I he observations offered by Dr. Tatt- 
ered UubJusuQ in ihe I'hilosophical Transacliuus, are worthy of at* 



•Tlicre iaanQibrr, hula leu scieniific h«om 
MUK j..i.f mil, by Dr. IlniHU, Vol, IV. jrnr !f 
with ollirr ioslancca of i-bUIn^ and nulling wa»rs id Iht 
eijiecially in section k, liilnidudory reinatlisi andsi-d 

■^ J;'urotLer instaaiicE, Hie reader baj luru lu (he 
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ention, and especially the Ibllowiug, wliich we copy from the 
■etl ediliou ", 
" Tile waler of the noted boiling fimnlaiii at Peroul, near Mon^ 
lier, is obsenped to beave and luiil up verj furiously in small buli- 
Nea; whicli inauifesliy jiroeeed from a vapour breaking out of lire 
risrtb, and rnshing through the water, so as to throw it up with 
n many bubbles ; for upon digging any wlierc near the 
■ 4itcli, anti pourin<; other water on the dry place newly dug, tl« 
same boiling is ininiedialEly observed. The like bubbling of water 
U also found round about Peroul on tlie sea shore, and tu the Elang 
ils«lt^ lit order to discover llie cause of this odd phenomenuD, Dr. 
Robinson look some of the sand and earth out of the fountain and 
ditch, pulling it into vessels, and pouring some of the same water 
Upon it, tlierc did not appear the least commotion or altrralion^ 
the surface of Ijie water continuing very smooth, equal, aud quiet. 
On furtlier search, he discovered iu several dry places of the ground 
tfaereabouls, many small veiiti-ducts, paiisagcs, or clefts, where the 
steam issued forlli ; at the mouMis of these pipea, placing some 
Jight bodies, as feathers, small ihin pieces of straws, lenves, &c. 
they were soou removed away. This vapour, on the application of 
^ii lighted candle or torch^ did not flame or catch lire m tiie least, as 
! fumes running tltrongh a boiling spring near Wigan in Laiica- 
u Ihe Pbilos. Trans. N" 2(j ; so lUl here we have 
D different sorts of steams causing these boilings, yet neither of 
flic lountains are medicinal, nor so much as warm : the like b le- ■ 
I*d by Varenius. near Culm, and by Dr. Ploll iu England. There 
E other boiling waters, of a quite contrary temper, being actually 
hoi tn several degrees, so as to boil eggs and many oilier tilings, put 
iolo lliem; as llio^e near tlie Solf.itara not far from Naples; asabo 
r ou the top of Mount Zebio in the Duke of Modenu's territories, 
kot far from his villa near Sassulo ; and in the source of the Ein- 
Kror's bath at Aix la Chapelle, in the duchy of Juliers. Varenius 
I that iu Japan there bursts out a boiling spring, bd hot that 
ited so nmcli by the strongest lire; that it re> 
s ils heat three limes longer than common water; and that it 
) not How ronlinuully, but (or two hours each day ; and ihea 
e force and violence of Ihe vapours are so great, that tbey ri 
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hrge atones, and raise tliem to the height of 3 o 
noise like the explosion of a great gun. 

From the foregoiug liialory, we may take occasion to reflect a 
little on the variety nf exhalations pre|)are(l in and fljing out from 
the \»st sublerrajieoiis magazines and repositories, as to their qua* 
litiea ttiid effects, some being cold and dr<i', resembling air or wind, 
as those near Peroul, and in the caverns of mouDtHiiu, especially 
those of £olus, and other hilJs of Italy, as also in mines; others 
are inflammable, and of a biluminous nature, though not actually 
warm, us those uear Wlgan in Lancashire; there are also many 
aleants very hut, sulphureous, and saline, more especially those iu 
the natural sloves, sweuling taulls, grots, baths, and the volcanoi 
Dear Naples, Bajte, Cunia, and Puzzuolo, as also in some of the 
subterraneous works at Rome ; others there are of an arsenical aud 
such like uoxious ijuahties, as in the Grotta del Cane, on the bauk 
of the LagoAgnano; in several mines, and iu poisonous springs 
and lakes. Now these various steams meeting wilb, and running 
through waters, must cause a great variety of phacnomena and 
eifects in them." 

Many of these depend obviously upon the agency of volcauos, 
and are immediately connected with them. There are many hot 
springs, bowevei, whose temperature is too ei]uablp, and which 
occur at too great a distance from any known volcanos to be pro- 
duced by ihem. " Thus the hol.spiiug at Bdlh," observes Dr. 
Thomson *, has continued at a temperature higher than that of the 
air for a period not less than 2u00 years : yet it is so far from any 
volcano, that we cannot, without a very violent aud iniprobable ex. 
teusiou of volcanic tires, aicribif it to their energy. There are va. 
rious decompositions of mineral bodies, which generdte coasiderable 
heat. These decompositions are usually brought about by means 
of water; or, to speak more properly, water is itself I iie substance 
wbicli is decomposed, and which generates heat by its decomposi- 
tion. Thus, fur e\am|ile, there arc varieties of pyrites, which are 
converted into sulphate of iron, by the contact of water, aud such 
a change is accompanied by an evolution of beat. Were we to sup- 
pose llie Butb spring to flow through a bed of such pyrites, its heat 
might be occasioned by such a decomposition. Such, probably, is 
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llie vsy ill wliidi ibtue niiuenl »priag«. llial cwiuin sulpburet«d 
liviirugtn gis, receiif iheir inipregnalion. Biil »e are jirtllj cer» 
lilin, that such n £i4>po&ilioii uill not a|^l) la Balli walet: Rntf 
kuuse i( docs Dot contain tbe aotable quauiiijf of sul|ihaie of in>% 
wlucli would bi' neccSi^ni upon sucli a su|>)>oailion ; aod, sccoudljj 
betiUM instead of &ul|)bui«le(t bjiliogeagiij, obicli would uiialiiUj 
^uli from sucb a decpiiiiKi»ti<iu of p\iiles, there is au cvolulioa 
"( amik gas. This evolution of azotic ga^ liouever, u a drcisitc 
ITaof tlial tlie heat of Bath waters is oniiig lu some decomjMtsitioa 
"f ollivf, whiclt lakes place wilbiu the surface of ihc earth ; llioug^ 
"om out imperfect acquaiolance Mitb the nature uf the luiueral, 

I'^f'Biu, through Hbich the water flows, we cannot give aav saiisfac* 
Pf> inforiualion about wbat that decoaiposjiioa actually is." 
I Editob. . 

F* On thf Temf'tTotare of the Earth belox the Surface, in rot 
gard to Springi anil Hilh, and ctpecialti, thote of Jamaica. 
' By John Hunter, .M.D. F.K.S. 

" 'Die greal difference, sa\s Dr. H. between the tempeialure of J 
'*c open air, and that nf deep cdvenis or mines, lias long been taken | 
**«^)ice of, botli »s matter of curiosity and suiprixv. After thennOi. J 
*^)elers were brought lu a tolerable degree of pertection, and me. 
^^togical registers were kept wiib accuracy, it became a problei^ ] 
^ <:> determine what was the cause of ibis diA'creuce Itelwei-'i liie heat I 
^^f ilie air and ibe hedt of the earth ; for il was soon liiuuil luui tbe J 
t.ei»fierdlure of mines atiil caverns did not dep<-tid on any Ibing p^ j 
^:uliHr to them; but tliat a certain depth under •:rouiid, vihetbcK"J 
iu a cave, a mine, or a nell, was J^ulilcleIlt to produce a very seo^ 
^ble difference in the heal. In ob^erTntious o) Uiit kind, ihere h 
-perhaps nothing more striking, than Ibiit the heiil in such rave« « 
nearty the same in ^uinmer and winter ; and th<» even in < buneeable 
climaies, ihal admitted of great tvriation between ihr t^trejues of 
heal in summer, and cold in viiiler. There is t'-u exuiii^xc of Ibis 
Di the cave of Ihe Koyal Obseryalnry at I'aris. l.ir ixj.ia ati 
vhich have been altempled of tnia pi i genome iiun, liaic lunnd chieAy i 
on a sappusilioii, Ihal lliere was an itiiiTnul source cf beat in tlie ■! 
earth itself, totally indeptndeiil ut the iulli<euce of the aun*. H. } 
de Mainiu has bestowed much labour iin iIji» subj'Tt, aad by obser- 
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ntionancl calculation ra led to conclude, Ilial of llie 1026° of 1i*!it, 
bjf lUuiiiiiur's scale, nliieh lie tinds to be tlie \K--it of summer at 
Taris, a^^Gi oaly proceed from llie sun, and Hie reiiiJiimng .'(gP.pS 
from ihe earili, by emanalious of lieiit from llie ceulre •. The pro- 
poition lliercfore of heal derived from lliis taller source is 1o tliat 
of tlie sun. as 2Q.16 lo I. It must be evident tliut nn lty|>otbesis 
cf Iliis kind, wliicli renders llic influence of the xm of small ac, 
count, is ditcclli^ contrary lo the general eKi)etience and conviction 
of manbiiKl. Witliout entering however Into any discusiion of the 
(lata from whence M. dc Mairaii draws his conclusions, it will be 
more saliafaclory to considei what would be the effect of Ihe oi^ra- 
lion of ihose laws of heat with which we are acquainleil. 

And firsi, it is well known, thai heat in all bodies has a tendency 
lo difluse itself equally through every part of Uicm, till they be- 
come «f Uie same temjierature. Agaiu. bodies of a large mass are 
both cooled aad healed slowly. Besides tlie mass of niatler, there 
are two oilier considcmllons of much importance in the stow or 
quick traiisuussian of heat [Iirough bodies; these are their different 
coudiicliiig powers, and iheir being in a slate of solidity or duidity. 
The condncting powers of heat are well known to be very various 
10 different bodies; nor are Ihey hitherto reducible to any law, de- 
pendiug either on the density or chemical properties of matter. 
Metals of all kinds are good conductors of heal, while glas^, a 
lieavy, solid, homogeneous body, is an extremely bail conductor, 
even when a melalbc calx enters largely into its composition, as iu 
flint-glass, A slate of fluidity greatly promotes the diffusion of heat ; 
for a body in a fluid slate, by the particles moving readily anioii^ 
caeb olbtr from their di&'erent densities or olbcr causes, mixes tbe 
vrami and cold parts together, which occasions a quick connnu- 
nicatiou of heat. To apply these obsen"diioiis to ihe present sub- 
ject; the surface of tbe earth being exposed to ihe great heals of 
summer, and the colds of winter, or more properly Ibe low degree 
of heat of winter, will receive a larger proporliou of heal in llic 
former season, and a stimller in Ihe latter; and being further of a 
large mass, and of a porous and spongy substance, and therefore 
not quickly sensible lo small variations of beat, it will become of a 
iiieun lempcralure at a certain depth, hclween Ihe beat of summer 
and Ihe cold of winter, provided it contain no internal source of 
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Iirat witlitn iUelf- This coiiclusbn is stricll; ngreeaUle to (he «xpe- 
Viinetils and obvrvations hillterlo made, in heating and cooling bo. 
g |)Ortions of mailer of tbe aamc kind of diHVnot j 
mperatnrea *. Water, tlii>ug)i in a lar^e mass, follows ii 
cle^e the lieat and cold of our sunnier and winter, from the hmv 
liility of its parts occasioning a more sjKiJy diffusion of heat. Air | 
B quickly susceptible of liirat, and from ibe expansion* produced n 
, and conseqiKnt moljous in the whole mass, the tempeiature i» 
soon rendered uiiifurm, 

llie changes in liie heat of llie air are what we have meawre^ J 
and ne are to tie uinderstood lo speak of them, when we talk «f J 
the Uni)ieTalure of summer aad «f winter. It may be asked tliei^ | 
ii the heat of the sua first coFRinnincaleil lo tlic air, and tlience to *j 
the earth! No, tbe air is gnsccpiibh; of a veiy small degree of beat 
from the rays of the inn passing through it ; for it is welt knows 
that Ibey produce no heat iu a irausparent niedinm, and cons^ 
^uenlly, that the air is ouly eo tar heated as it diSers from a me. 
dium that U perfectly (raospurent. Tlie heal produred by the ray* 
of tbe son bears a proportion to their number, their duration, i 
Ibeir angle of iiicidi-nce ; and it takes [ilace at the pohils wliere Ih^ 
Strike an opaque aud nou-reilecling surface. The surface of lb« ■ ] 
eartli may therefore be cousitlered as the place from which llw beat j 
Ivoceeds. which is cotnmuuicuted to llie air above, aod the eardt 1 
below. That Ibis is really the esse, is evident from the snpmor •< 
degree of heat produced by Ihe action of tbe rays of the sun on n 
«pii(|ue Itody, which ivill ofleii be healed lo I JU" of Fahrenheit, 
vliile Ihe temperature of the air b not above 90" t. It may seetn* ' 
llierefore, that to measure the heat commuiiicateil lo ihe earth, : 
should be done ut the surface, where the action of the rnys Inira^ ' 
«liiitely takes place. But ihotigh the heat bt; produ:'cd at Ihe s 
face, it is GommiMiicaled freely to llie air as well as the earth ; and 
lliough the apfiareul intensity o( heat be greater in the enrlh, fiom 
tfie tdys of light acting for a lunger tinte on the same parts of inat- 
• ler, \el, Ibere is liltle iktubl that much the greater part is carried off 
I |iy the air, which as it is healed flies off, and allows a fre:ih porliou 
' sf cold air to conte in contact willi the liealed surface. But still it 
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is immalerial, whether the heat of tlie 
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ut the surface of ihe eanti,. as evfl|iAralioti, &c. The air therefore, 
neat the surfiice of the earth, will show bv a Ihennometer io ihe 
shade nearly, if not exactly, ihe some decree of heat that the sun 
coiDmuiiicBtts to o*ir terrestrial globe ; and if a mean of Ihe heats 
thus shown be taken for the year rouiul, and we penetrate into the 
earth to that deptbj that it is no longer aS'i^cIed eillier by the daily, 
monthly, or annual varialiuns of heat, Ihe tem|teratnre at Eneh depth 
shnuli) be equal to the annual mean above mentioned. To as(;er^Jin 
this with Ihe utmost precision, il must be obvious that nnmemus 
ubservations should be made every day, corresponding to ihe fre* 
quent chansies of temperature, which are known to happen in the 
course of 24 hours in all climates ; and on these a daily mean should 
be taken, and the annual mean deduced from them. This has not 
yet been done, but where we have observations from which a mean 
temperature can be deduced with any degree of certainty, it will be 
found not to dift'er greatly from the heat of deep caves, or wells in 
the same elimale. 

For obtaining the temperature of the earth, the best ohserv'alinns 
are probably to be collected from wells of a considerable depth, 
and ill which there is not much water. Springs issuin;^ from the 
earth, though indicutini; the temperature of the ground from whidi 
they proceed, are not so much to be de|>ended on as welh; for Ibe 
course of the spring ntay be derived from high grounds in Ihe neinli. 
bourfaood, and it will thence be colder ; il may run ao near the stir- 
face as to be liable to variations of heat and cold from summer and 
; or it may be exposed to bical causes of heal in the bowels 
B earth. Wells seem also belter than deep caverns, for the 
Ipres to such are oAen large, and may admil enough of the ex- 
ir to occasion some change in their temperature. Wells are 
not however to be met with in all places, and in that case we must 
satisfied with the temperature of the springs. 

The following observations were made in the island of Jamaica, 
where there are tlat lands in many parts towards Ihe coast, but alL 
the interior part of Ihe country is mountainous. The heat is greatest 
ill Ihe tow lands, and decreases as you ascend Ihe mounlains. 
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lotvn of Kingston is supiilieH with waler frniii wells. The ground 
oil wliicli ii stanils rises with a ^-enlle ascent us you recede froiu the 
wa. Ill the low pari of tlie lowu tlie wells are but a few feet Jeep, 
Md many of them brackish. The heat of the witler in soiue of 
tliem 1 have Ibund as high a:> S2° ; but they were eviite iilly too near 
Die siiriace not lo be affecled by the heat of the :<easi>nv. As yon 
■•ceiid, the wells are deeper, and llie temperature it nearly 80° in 
>tl «f them. What vartalioiis there are, come within 1°, that is, 
lialf a degree less than 60^ or half a degree more. Tliey are of 
*}|fTereDt deptlis, and some not less limn 100 feel; though, after 
'"ey are of half that depth, tlie tempemlure is nearly nniform. At 
'u« Governor's Pen, which is also iii ihe low pari of the country,, a 
W*?!!, which is above 60 feel deep, is ?g{°. There is a well at Half, 
'^ay-lree, 2-13 feet deep, which is rp". Half-way-tree is two miles 
'•"oni Kingston, with a very gentle ascent. Near Rnrk.Piirt is a 
'l>ring, immediately at the foot of the long momitain, which throws 
**Ut a great body of water ; the beat of it is Tf- All the places 
"Mentioned are but very little above the level of the sea, probably 
**d more than the depth of the wells at the respedtve places ; for 
•icar Kingston ihere are springs that 8p|)eur just below the water* 
*Y)ark of the sea, and those that supply the welli are probably on ilie - 
*Bme level. 

The temperature of the air at Kingston admits hut of small va. 
•"iatiiin. The thermometer, at the holiest time of the day, and 
•during the hottest seiison of the year, ranges Ironi 83° to po"; ill 
Vhe coolest season, and observed about suu-rise, which is the coldest 
time in Ihe 21 hours, it mnges from 7C° lo 7?°, I biive seen it 
voce as low as 69°, and two diA'erent times as high as 9l^ The 
atmual mean temperature cannot iherefnre either much exceed, or 
till much short of ao°, as indicated hy ihe wells. 

The following springs were examined with much accuracy by the 

Hon. Mr. Sewell, Attorney-General of the island. Ayscough's 

-. lyiias, on the road from Spanish Town to Pusey's, in St. Joliu's 

Knrisb, 75". Pusey's spring, slill higher in the mounlaius, 72^°. 

VA spring near the barracks, at Points hill iu St. Juhn'a pariih, ;o°. 

VTlie thermometer in the shade at Pusey's, during part of the 

month of June, «as found to range from tig^" lo 79^". It was 

observed both late at nigbl ami early in the morning bclore lun-rise. 

The spring in Bruilaford Valley, about 10 miles above ^iiuiiiih_j 
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Town, is 75*. The spring at Stonej Hilt ia 71*. Tliese were ex- 
atnined by Mr. Home, 

Mr. Wallrn's housct at Cold Spring, stanih the biuliesl of any 
in ttie island. By a measure me lit mid tn have been made by Mr. 
M'Farlaae, it is reporled to be 1400 jatils above llie level of the 
sea. On tke road to it, and about a mile below Mr. Wallen's 
house, there is a spring that issues from the side ol Ihe hill, of Uie 
temperature of 65°. Cold Spring, which gives a name tu llie pljice^ 
H about 50 feet below the house, and the heat of it U 61^". The 
themiometcr in the shade at Mr. Wallen's house, fur sume da^s Id 
Ihe month ol April, ranged from SJ^ to 67°. It may be reniaikedi 
that the higher the springs the colder the uir; and as far a» a con- 
jecture can be formed froBi so few observations, they wouhl ap> 
pear not to diStr much from the mean temperature of ibeit respec- 
tive places. 

It will not be out of place to add some observations made in 
England, relative to the same subject. The wells in and about 
X.{iiidon are either of no great depth, or. are full of water, which 
are both considerable objections to their giving a nieatt lempera- 
lure. The want of depth will make them subject tu the variations 
of the sensona; and a large ({uauliiy of water, even \a a deep well, 
will lake the lenipcralure of the air more or less : for an^ cliange 
of temperature communicated at the surface will, from the fluidity 
of the water, be readily dittused through llie whole. It is proba- 
biy owing to this cause, that the wells in Ihe neighbourhood tiC 
Brighthehnstone vary from fiOP to 52°, for those weic the highest 
that had the ruost water in them. Tlic observations were made in 
■mnmer. These wells are of variiius drpihs, from 1 J to 150 feet. 
That which is always found llic euldcst is not more than 22 feel 
deep; ils heat was never greater iban SS". It is near llie beacba 
■nd is a tide well, that is, the water in it riiies and fulls, and 
jet does not correspond exactly wiib the tides, but follows them 
with an hiterval of about three hours. At the lowest there is noE 
more than a foot of water in it } and it may be coiisiderL'd as » 
sublerraiieaus spring running through the bottom of the well- 
There are in fact numerous springs that break out on Ihe sand, s 
few iVei above the low-water mark, which are doubllesa lite sume: 
Ihat supply the wells. As we are luit acquainted witli any ( 
that produces cold in the huweU of the earth, we must n 
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Htojeverf cliiiiaie, consider the loweii degree ofheBl as approactiing 
^■iftrcjt lo (lie in«im temperature; and tliererore we caonot con. 
^Bnilc the mean tcttiperaturc at Brighllieliuslone to be more than 
^Bf. The mean lempGraliirc of London is computed about 5'!°; 
^Btiglithclmsluue ii nearly 50 miles farther south than London, and 
Hkimiaeiliatclj' on tlie sea, nad must therefore be at least as warm 
HJBb}iidon. It is evident that the observalions from which the 

■ nnn IB taken, must generally contain more of the extremes of 
Iieat than of cold, as Ilic former happen in the day.ltme, and ths 
lillef in the iiighl, in consequence of which they will often escape 
Mli«, There is a table, next following this paper, constructed by 
Dr. Htbenlen, expressing the beat in London for every month in 
ite jear, from a mean of ten years, beginning with I ?63, and end- 
iug ivilh 1772. The mean tera|)erature is given both at 8 A. M. 
"nil a p. M. There k further in the table, a column of the mean 
ol'liie greatest monthly colds in the night, observed during the 

I Mine 10 years bj Lord Charles Cavendish, in Marl borough- street. 
I "Okk will not probably be any great error in considering the heat 
H flbstncd at 2 p. m. as the greatest daily beat; and taking a mean 
W wtweeo tbe greatest heats of the day, and greatest colds of tbc 
r "'sK they give AQ^.igd for an annual mean, which is much lower 
llian is cumuinnly snpimsed. At the house of George Glenny, Esq. 

■ ■'Car Bromley, there is a well 75 feel deep, which in November 
k fcmgio, ii. He Mairan has given a table of the greatest heala 
Hftld gnatesi colds observed at Paris for 96 years, beginning from 
^P?01; and a mean of them is 10* above freezing, or iOlO'of 
P Keiuiiiui-s scale*. The temperature of the cave of the Observa- 

'•"y where those observations were made, is 10^' above freezing, 
"ytliesaine scale of Keaumur. There appears uot therefore any 
"Mtsiity for an internal heat ; on the conlr-iry, it is mailer of de- 
*""iilration, that were there any sonrce of beat in the earth 
'*'>icli was not equally in the air, the beat of the interior parte 
°"Sl>( lo be higher than a mean: and if the central beat bore a 
V' a proporlion lo that of the tunus M. de Mairan alledges, tbe 
''""of the earth itself oughl to be a great deal above the mean tem- 
P^Iure of the air, wbidi from observation there is bo ground for 

■ Mem. d( I'Acad. dCi Bciencet, An. ITGG, p' S(H, 
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believing. It is easy lo see the source of M. de Mairsn't error; 
he liaa fouitdetl liis calculations ou ihe scale of Reaumur, and con- 
siders tlie degrees of his therm a meter as marking tile real propor- 
tions, and absolute quantity of heat. It 19 a matter that caniMrt 
he denied, that we kuow nothing of the absolute quuntilies of heal; 
and that the degrees of the thermometers arc only to be considered 
as 3 few of the middle links of a chain, the length of which ne are 
totally igDorant of, aail therefore in no condition to compare ill 
proportional parts. It deserves however to be remarked, tliat tbf 
observations of a late date have shown, lliat Ihe notions of cold oa 
which Reaumur's scale was constructed, and on which M. dr 
Mairan's calculations are founded, are imaginary and without fans- 
dation. 

The sea admits of change of temperature more July 63^ 
quickly than the earth, particularly near the shore, Aug. 63f 
The mean heat of the ica at Btighthehnstone, dur. Sept. 98* 
ing the months of July, Aug. Sept. and Oct. was as Oct. 53* 
annexed : 

The wells at New York are from 32 to 40 feet in depth, lod 
Dr. Nooth found them to have an annu:d variation of 2°, from S4' 
fo 56^. There afe few countries, in which the annual range of the 
thermometer is greater than at New York, and the neighbourio; 
parts of America. In the summer it is of^en as high as gd*, anri 
in winter it has been observed several degrees below the lero of 
Fahrenheit's scale. Ou the whole, we may, from all the obsem- 
tions we are yet in possession of, conclude, that there is at preitiil 
no source of heat in the earth, capable of al!ecling the tcmperatUK 
of a country, which is not derived from the sun ; and that the earth 
whatever changes of temperature it may be conjectured to haM 
undergone in former periods, is now reduced to a mean of llit 
beat produced by the sun in different scasoTis, and in difTflmt 
cllraatei. IPhil. Trans, ^(r. Vol. vA. 

3. The Caldeira of St. Ulichael. 

To this island we have nlieady had occmion to allude tl<0 
another account. We shall now retiirn to it in urder to desoit* 
ib tepid and hoi springs, which we cannot possibly do more nr> | 
Kctly than in the following extract front a paper of Mr, FriMi) 
Maiicn, inserted in the Journal «f the Royal Society. 




t^bout four leaguei notth-aust from Villa Franca lies a place 
I the FumaN, being a round deep vBllej iu the middle of the 
t part of the island, surrounded with Iiigh iiiuuDtaiQs, whicU 
Bugb sleep, may be easily ascended on horseback bji two roads. 
A valley is about &vc or six leagues in circuit ; the face of ihe 
itinliius. which are very sleep; is entiiely covered with beautil'ut 
r^reena, viz. myrlles, laurels, a large species of bitberr;, called 
a de serra, or mouDlaiii grapes, &c. aud iiutuberless rivulets of 
tile purest water run down their sidca. The valley below is well 
cultivated, producing wheat, Indian corn, flax, Sec. The fields 
ue planted round with a beaulilul tiort of pnpbrs, whicli grow 
iaia pyramidal form, and by their careless, irrirgular disposition, 
iDgcther with the multitude of rivulets, which run in all direcliooa 
llirougb Ihe valley, a number of boiling; founlnins, throwing up 
rlguds of sleaui, a tine lake in the south-west part about two 
Itngues round, compose a prospect the finest llmt can be imagined. 
Id the bottom of the valley tlie roads arc smooth aud easvi there 
being no rocks but a fine pulverized pumice stone lliat the earth b 
toniposed of. 

There ure a number of hot fuuulains tn different parts of the 
talley, aud also on the sides of the mountains : but the most re* 
niaikahle is that called Ihe Calddra, situated in the eastern part of 
tht valley, on a small eminence by the side of a river, on which is 
4 baton about 30 feet diameter, whore the water continually boils 
Hiili prodigious fury. A few yards distant from it is a cavern in 
the (ide ef the bank, in which the water boils in a dreadfiil manner> 
tluowbg out a thick, muddy, unctuous water, several yards from 
itiuoulb, with a hideous uolse. In the middle of the river are 
Htnal places where the water boils up to hot, that a person can. 
Aoldip his linger into it without being scalded; also along its 
bull] ore several apertures, out of which the steam rises to a con- 
■idemble height, so hot that tliere is no approaching it with one's 
r-SQil ; in other places, a person would think, that a hundred smiths' 
■xiibws were blowing togetlier. and sulphureous streams issuing out 
"> tbousands of phices, so that native sulphur is found in every 
*iiiiil[, and llie ground covered with it like hoar frost; even the 
!s near these places are covered with pure brimstone, condeus. 
t stream that issues out of the ground, which ia many 
aUcoycnd «TCt with a substance like burnt alum, la these 
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s'lUiIl cavt^rns, wltere the steam issues out, the people often toil 
llieir jams (inhmnes). Near tliese boiling fountains arc sevvmt 
mineral springs; (wo, in parlicular, wljose waters have a very strong 
mineral ijiialil)', of an acid laste and bitter to the tonf;ue. 

About lialf a rails to tlie westward, and close by tlie river lide, 
are «e\cnil liot springs, wliich are used by sick people with great 
success. Also on llic side of a Iiill, west of St. Ann's church, arc 
tnatiy oDiers, with three bathing houses, which are most comtnonly 
used, Tliese waters are very warm, though not boiling hot ; but at 
Hit same place iisue sCTeral Blreams of cold mineral water, by wbkb 
Ihey are tempered, according to etery one's liking. About a mitt 
south of lliia pkce. and over u low ridge of hills, lies a fine l^e 
about two leagues in circumference, and very deep, the water thick, 
and of a greenish colour. At the north end is a plain |)iece »V 
ground, where the sulphureous streams issue out in many ^aces, 
attended with a surprising blowing noise. The otlier springs im. 
mediutely form a considerable river, called Ttibeim Qucnle, or hot 
river, wliich runa a course about two or three Icagiies, throiigli ■ 
deep rent in the mountains, on each side of wliicli are several pUcw 
where the smoke issues out. It discharges itself into the sea on tlie 
loulh side, near which are some places where the water boiU up ifl 
some distance b the sea. 

This wonderful place ha<I been Itttic noticed till rery lately ; W 
little curiosity had the gentlemen of the island, that scarcely anj of 
them had seen it, tUl of late some ]iersons afflicted with virulent 
disorders, were persuaded to try its waters, and found ImmediiK 
relief from them. Since that time it ha? become more and wort 
frequented ; several persons who had lost the use of their limbs bj 
the dead palsy hare been cured; and also others who were troabk^ 
with eruptions on their bodies. A clergyman, who was graalf]' 
afflicted with the gout, tried the said waters, and was in a slinrt 
time perfectly cured, and has had no return of it since. SefETil 
old gentlemen who were quite worn out with the said disorder, wre 
nsing the waters, and had received great benefit from litem; ia 
particular, an old gentleman about 60 years of age, who had bttn 
tormented with the disorder more than 30 years, and often coiifio«* 
to his bed for six months together ; having uwd these waters ahou* 
thee weeks, bad quite recovered the use of his limbs, and walli«J 
about m great spirits, A friar alio who hiid bscn t 
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the Bald disorder about 12 years, and reduced to a crip:*!e, bj ush^ 

tiiemasbort time was quite well, aiui went a Luutui^ n^o -i^v. 

Tliereare several other hot springs in ihe i^lacd^ }>arikuLs:i« at 

Bibelra Graiide; but they do oot iH>sse» :he same virluei^ at least 

not io so great a degree. [PhiL Trans. Abrid.^ 1775. 

4. Hot Springs in the District of Trout. 

After having passed the ford, we gallopped up to the AgUa's 
nansioo at Bonarbasby, the name uf which place, liter dJK trans* 
taed, signifies ' The head of the springs */ Immediately on my 
inival, I ha:fteiied to them, keeping a thermometer exposed and 
pendeDt the whole way, as the sun was tlien setting, and a favivTr- 
able opportunity ofiered for an aecurate investigation of their tein. 
I^faturc. Some peasants who conducted me, rtiated the tradition 
concerning the supposed heat and cold of tlie different sources; 
«xe only being, as they said, a hot spring. I dc'sired to exami:ie 
lint first, and for tlus purpose was taken to a place about half a 
Bile from the Agba's house ; to the most distant of the several 
tpnogs; for in fact there are many, bursting from diiTercut crevices, 
through a stratum of ireccia, or pudding stone, covered by a su* 
pcriDcumbent layer of lime-stone. From the number of the springs, 
(Ik Turks call the place Kirk Gucse^ or * Fort^ Ej/es* I then 
ttked the peasants if this was the hot spring, as it evidently was not 
tke same described by Monsieur Chevalier. They replied tliat its 
greitest heat might be observed during winter, and therefore that 
1 must be now hot t. It was a shallow pool of water, formed by 
^ united product of many small streams, issuing from several 
^lies in tlie rock I have mentioned. This pool was quite over, 
wiadowed by some distant hills, behind which the sun was then sct« 
^H* itwas therefore a proper time for ascertaining the temperature, 
t^tk of the air and the water. A north wind had prerailed during 



* Places are named in Wales exactly after the same manner ; as Pen tre 
•^V», « TAt head of the three springs J* 

t AliBoet the pnly winter the Turks bad in 1801 was during the month of 
T^^ The peasants believe the heat to be greater at that season of the year^ 
"«rely because the external air is colder. The temperature of the water is 
•*way8 the tame. 
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(he day, but the sky hnd been more tlian usually lerenc, and lliti- 
Out a cloud : not a breath of air was then stirring. I fint tried llie 
water with my liaiift ; it fett warm, and even the rock ntnr uxl 
above the surf;ice <if the water was sensibly uflecled by beat. I 
then had recourse to my therinoireter ; it was <iraduateii accoidiDg 
to the scale of Celsius; but I shall give the result Hecordmg lo (he 
corresponding elevation of Fahrenlicil ; being more adapted to cotD. 
mon ubservattuD in Englaud. When exposed to the external lir 
the mercury stood at iS'; or sixteen degrees above the freeztnj 
point. I then plac<>d it iu one of the crevices wlienre Ihe water 
issued, io as to immerse both the tube and scale : in Iwo miuolet, 
the mercury rose lo 62"^, and tiiere remained. I ihrn tried the 
same experiment in all the olher creiices, and found the beat of the 
water Ihe tame, although the temperature of llie externni airwu 
lowered to 47°- From thence 1 proceeded to the hot spring nf 
M. Chevalier; and could not avoid being titruck by ihe plausible 
appearance it offered, for those who wished lo find here s hot 
and cold spring, as fountains of the Scamander. It gushes perprn- 
dicularly out of the eartbi rising from the bottom of a marble and 
granite reservoir, and throwing up as much water as the famani 
fountain of Holywell in Flintshire. Its surface seems vehcniMtljr I 
boiling; and during cold weather, tlie condensed vapour above it 
causes the appearance of a cloud of smoke over the welL Tlie 
marble and grunile sliibs around it are of great antiquity; and tU 
appearance in the midst of surrounding trees, is highly picturesque. | 
!I'he mercury had now fallen, in the external air, to 46°, the toa 
being down ; but when the thermometer was held under water, it 
arose as before, (o (>2°. Notwjibstanding the wamilb of tbs 
spring, fishes were seeu sporting in the reservoir. When held in 
the stream ot either of the Iwo chauueU which conduct Ihe product 
of these springs into a marsh below, the temperature of the water 
diminished, in proportion to its distance from the source whence it 
flowed. I repealed similar observations afterwards, both al rnH — 
night, and in Ihe morning bi^fore sun-rise j but always wltii tli^ 
same resulls. Hence it is proved, that the fountains of Bonatbuslk ^ 
are warm springs; of which there are many, of different degrees ^ci 
temperature in all Ih^ district through which the Mender toi^^, 
from Ida to the Hclicspont. That the twochanuels which c(>ti«r« 
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>btni toiTOTcIs iht! ScaruRnder ma; liave been tlie AOlAI XTIirAC 
of Uonier*. is at leust /ioici6/e; ami w ben it is cooaideretl, that 
I nqliou (till prevails in Ibe comiiry, of one beinj; but, ind lti« 
nlbvrcold; tbat tbc wouieii ut' tbe |>luce bring all lb«ir garaienlt 
lobe wualird in lliese springs, iio( uccordiiig to tbc casual vigils of 
nrdinnr} indnsirj', but as an aiiliciit and establisbed cuiitom. in Ibe 
"rtcUe of which lliey proceed with all Ibe pomp and songs of a 

JJiabliccCTenioiij ; it become perbaps probable t« 
ICiarhe't Travels to Greece, Egi/pt, and the Uolj/taml, 
fi. Hot Springs in Iceland. 

hi letter Jiom John Stanley, Etq. M. P. F.R.S. Itfc. to 
Dr. Black, 
1, Rci/kam Springs. 
fW received two kinds of water, ooe from a spring near a farm 
t*Bi3%kuin and tbe other from Ibe fountain known by tlic name 
c&lhi^G^yzer, llic most remarkable in (be island. It rises near 
tillHSim of Haukadale, about forty miles from Rykum. Tbey are 
boUf iltuated in Ibc S. W, division of ibe island. 

fjbitl begin witb a descriplion of the country and tlie springs 
IKV. Kyktim, and of llie first view we had of ibem in our way 
'nn H*rkllTick to Mount Hecla. Rykum is situated in a valley, 
*filch|Dli account of its ferlilityt and tbe strong contratt it made 
*iU) ibe dreary scenes we had passed since our last station, appeared 
<■) U) nitb great advantage while we approaclied it. We Iiad 
a country, seven or eight miles in brcadlli, entirely over- 
1 wfib lava, and olher volcanic matter. It was surrounded 
h hills, nst sulficienlly hif^h to be majestic, and loo rugged anit 
pburen to be pleasnig. We were told by our guides, that, on 
It day, tbe summits of Hecta might be seen above those which 



* ne foHawing ii a literal translation of the words of IhrVenellBn Hhnliut, 
"«It. X'. 148. "Two fountains /fomihcScBinnnilcrriie in Uieiilaln I but 

iMMna s/ the ^cunander are nnt in the plain. 
"i Tbe fltll descri|itiun of auch a ceremony occuri In the liiih book of tbe 
''Mwj, where it is related, (hat the daughter of Alrlnnus, with all (ha 
^dcoi of her train, proceedi to naih the linen of hn family. According 
^^'ilinniiia!, there R-asan ancical jiicture to be lecn in hii tlmt. In whicb 
il^ject na( leprcienled. 
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were I mm cH lately before us ; but heavy and laweriitg cluwls, •nK^ 
threatened us tncessanlly with a atoriii, coiicealtd every (l»laul(il>> 
ject from our siglil. 

We saw many districts in Iceland covered uilh lava; but I da 
not recollect one so uncouth and desolate as ihis. No vvgvtition 
was to he seen but that of a few slui.ted bushes of willoM tsA 
birch, growing between llie crevices and hollows of the ltn,ini() 
which the wind had drifted sullirieut soil for ihein to take rout, 
We cotild discover no mount or crater frutn whence we coulil con- 
jecture, with any degree of probnbilitv, the lava to have issued, ll 
extended round us hke a sea ; and it had burst perhaps from toiuc 
part of tlie country it now covered, while the fii e to which it ovti 
its origin, had escaped wilh ila shuwcrB of cinders and ashes, from 
some other orifice, and had formed one of ihe numberless coucs «< 
could discover amidst the neighbouring hills. 

The impleasantnesn of our ride over Ibis country was incieastd 
by the continual danger to which we were exposed of Aur bona 
falling. The road was no other than whut Ihc ii-w Inivellcrsol' ibe 
country, as they passed troin iheir farnia to lt\liavick, had tracked 
over the lava where it was least rough; but even Ih'.i was lulcr. 
rupted by many breaks and crevices, foruied by the cooliu^ofllK 
matter and the contraction of its parts . 

To this uBcomforlable scene succeeded the view of u rich valltj. 
opening into an extensive greeu plain bouudtd by the sea. Amu 
was seen winding between several fertile meadows; aud bejowi 
these, Ihe valley waj terminated by a range of liigh and bold roekt. 
But our attention was chiefly attracted by the clouds of steam, 
ivhicb ascended in various parts of the valley from lliehutspriiigj, 
and b^ jets of w ater, w hicli, from some of ihem, were juceuauily 
darted into the air. 

We descended into the valley by a road winding over liie lava, 
which, iu one place, had flowed from the upjier plain into [In 
country ibelovr. Oti which side it liad stojiped abruptly, atid had 
thus farmed a perpendicular wall, at least aixly feet high. 

We pitched our tents iu a pleasant field, ou ihe tide of the nVr, 
opposite (o Ihe farm, and not far from it, and at the foot of lli* 
hills which bounded the valley. Several fragments of rocks, wlwh 
had fiilleii from these, lay scaltered rouud our station. Tli« 
were entirely valc&uic ; some of dark blue lava, not unlike laulK; 



iSIiersof a vcllow siilislaucc; iiml again otiiers of a gray lavt,' 
pxed wilh a great quantity of \\ liite glass ; But tbe iiioat curioui 
KMisUred of ail hftcrogeiieiiua iiiixliire of variout lubslances, cc 
^cHtetl iiidiacriiiiiriBlelj toKtllit-r by aonie opcratinii, subsequent to 
r original foniiatiuii, and so strongly llmt thr rock was broken 
Willi riiAii-ully by our liaminers. it roimisled of |iiL-ce5 of black ^ )as» 
(a lavu Ju all probability much Tilrllie<l)i and large pitH-es of a 
close, grav lava, the caviliea and ]ior«s nt~ nbieb were lilted wilb 
eolitcS 6ne\y radiated. Sonie pieces of black lava, in parts coin- 
, Slid in otiier parts so porous as to upjiroach nearly to «' 
t stone, uerc mixed with the rest of the mass. A mixture 
: same substance, (ili« lavas, the glau and lite zeftlile3% 
kunded in small grains lilit'd the sp:u:rs liciueen the larger pieces, 
tl conned ed the wliolc into a solid rock. The heat (if heat it 
Us) whicb had cemented these njaletiais, bad not been strong 
i;i;h to reduce any one in a st;ile of fusion ; tor the angles of 
e frugmenls were as sharply dcliiicd as if newly separated ftoia 
ir respective <i[i:;iiial beds. 
The rocks iVom whence these ditTorent masses have been i^J 
Urlicd, lay helped t'lgcllicr in so dii-juiiiled and irregular 8 manuer ~ 
Jliat Mtiiie tiideiit ciinviibioii has evidently taken pluce among them 
«ince their first Ibrmation ; hut similar appearances of disorder sre 
to be seen in every range of hills in the country. Regular strata are .■ 
no nbere to be met with. It appears as it' all this part of th« 
i4aiid, at differcut periuds, bad been thrown up from ks fouu- 
dations. 

The -valley is in lliis plare ferfilej and nearly Iialf a mile ta 
breadth. It becomes more uarrow towards tliu north ; and it U 
llicre rendered barren by heaps of crumbled Java, or other 
rubbish, brought down from the bills by waters. These have the 
sppearance of artificial motinds, and a great number of springs are 
cbatinually boiling through tlieni. Below the surface', a general 
ilecompiisilian seems taking place ; for almost whenever the ground 
is turned up, a strong beat is fell, and the loose earth and stone* 
tire cbnn|;jng gradually into a clay or bob; of various colours Bud 
kautifully veined, resembling a variegated jasper. The beat may 
possibly proceed from a fermentation of the materials composing 
llwie mounds ; but more probably (I shoulil conjecture) from the 
tfm^ md jtlenni Ibiced up tbrousti them. The springs must have ,' 



SPBINGS, BIVERS, CAMALI, LAKES, ^^^^^1 

acquired llieir heat at some greater deptb, from somp conslaat. 
ileaJ; cause, (however ditticult to explaiu) adetiuate to the length 
of lime they have beeo knonu to exist) with the saine uavaried 
force and leraperatuie. 

Springs du not boil on or near these banks onlj, Tiiey rise in 
cverjr part of the valley, and williin the ci re ii inference of a mile 
sod an hnlf, mure than an hundred might easily be counted. Most 
af them are very small, and may be jusl perceived simniEring iu the 
liole from whence tbe steam is issuing. This, trailing ou the ground, 
depoaits in some places a Ihiu coat of sulphur. Tlie proponion 
varies; for near some of these small springs, scarce any is percepti- 
ble, whiUt the channels by which the water escapes from others^ 
■re entirely lined with it for several yards. Neilher the water, nor 
tlie steam from the larger springs, ever appear to deposit the 
Rtiialle^t proportion of sulphur; nor cim the sulphureous vapour 
Uiey contain be discovered, olherwise tliau by the taste of what 
kas been boiled in Ihem for a long liaic. 

Many springs boil in great cauldrons, or basons, of two, three or 
four feet diaiiieler. The water in these is agitated with a violent 
ebullition, and vast clouds of sleam (ly off fruni its surface. Several 
little streams are formed by I lie watiT which escapes from the 
bason; aud as these retain their heat for a considerable way, no 
little caution is required to walk among ilieni with safety. 

The thermometer constantly rose iti these springs to tlie 2l2lh 
degree: and in cue small opening, from whence a quunlily of 
■teams issued with great impetuosity. Dr. Wright observed the luei- 
cury rise, in two successive trials, to the 2l3lh degree. 

I have already said, that the ground, liirough which many of the 
springs are boiling, was reduced to a clay of various colours. In 
soibe. the watir is quite Hirhid ( and, according to Uie colour of 
the clay through which it has passed, is red, yellow or gray. 

The springs, however, from wheuce the water overflows in any 
great quantity, are to appearance perfectly pure. The most re- 
markable of thrse was about fifty or sixty yards from our slaliori, 
and was distinguished by ihe people of the neighbnurhood , by ihts 
name of the ht(!e Geyzer. The water of it boiled with a lond and 
Tumblinjs noise in a well of an irregular fonn, of about six feet in 
its greatest diameter; fronnhcnce it burst forth into the air, and 
subsided ajaiii, ucarlj every minute. The jets wer* diub«tl intv 
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H>nj as ihey rose, and were from twenty to tliirty f««I high, Vo* 
Aj»nw of sleaiii or vapour ascended wilh Ihem, and produced ■ 
iKnificenI eflect, particularly if the durk hitlt, wliidi aloiiMl 
Ihe tountain, formed a Lack ground loilie picture. The 
forced in rising lo tuke an oblique direclioit, by Iwo o« 
* dree large stones, tvhicli lie on the edge of the baion. Belweea. 
^ ftiese and tlie hill, llie ground (to a distance of eight or nine feel) ift 
^'^^markably hot, and entirely bare of vegctatiiHi. If Ihe earth » 
^lilted, a steam instantly rises, and in some places it waa cOTere4 
^•^ith alhni coat of sulphnr, oriatlier, 1 should say, somt loose slonei. 
"^^nlj were covered with flakes of it. In one place, there vai a 
^li^lit elllurescence on the surface of the suit^ which by Ihelatt^ 
"^Seemed to be allnm. 

The spray fell towards the valley, and in that directioo coverel 
the grouod wilh a thick incrusiatJon of matter which it depositeil* 
dose lo this, and in one s|K)t very near [he well itMiif, the gra« 
{rows with great luxuriance. 

Where the soil was healed, it was gradually (as ou tLc moundd 
dianging into a clay. But it waa here more beautiful than in aa^~ 
other place. The colours were more varied and bright, and tha 
Teius were marked with more delicacy. The Innsitioii likewise 
fiom one substance iuto the other, was more evident and satis- 
factory. 

To the depth of a few inches, the ground consisted of Ioms 
lavas, broken and pounded laa[ether, of blue, red and yellow 
culours. The blue lava was hardest; and several pieces of it re- 
mained firm and unaltered, while thereat were reduced to a diiit. 
The colours became brighter as the decompoution of the substancea 
advanced, and they were changed at the depth of nine or t« 
inches into a clay; excepting, however, the pieces of dnrk bins 
lava, which slill ratained suilicient hardness to resist the pressure of 
Ihe finger. Round ihese which appeared insulated in the inidit of • 
the red and yellow clay), several veins or circles were formed o( 
various shades and colours, A few inches deeper, these also be> 
came part of the day, but still afipearing distinct, by their circlei, 
from the surrounding mass. The whole of this variegated 
■tance rested on a thick bed of dark bine clay, which had 
ilently been formed in the same manner from some large tragmeot 
of bliw lava, or stratum of itj brokea into pieca. 
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' The -resemblance of these cla^s to jasper is so striking io the 
^e, that I cannot forbear believing their origin to be similar^ at 
least, thai some circitmstances in the formation of each are tlie 
«aaie. You will say* with reason, that the diflerence, notwithstand. 
fng the apparent simiiitude, is in reality very wide ; that these clays 
kefore they can be comrerted into jaspers, require to be consoli* 
4ited and impregnated with a considerable proportion of siliceous 
MTtb. It is something, however, to have detected nature in tlie 
act of ibrniing^ in any substance, the veins and figures 'common to 
narbles and jaspers. What still remains of the process, After thus 
Muefa of it has been traced, may not long continue unknown ; and 
io Iceland, probably sooner than elsewhere, will be discovered beds 
of clay, like this, hardening into stone, either by the effect of sub. 
terraneous beat or pressure promoting an adhesion of the particles, 
«f by^aome insinuation of matter (perhaps siliceous) into the pores 
•f tbe nass. 

There is another fountain in the valley not much inferior in 
beauty to that which I have described. It breaks out from under 
«lpcof tbe mounds close to the river. Its eruptions are, I think, is 
some respects, more beautiful than those of the former. They rise 
■early to the same heights, and the quantity of water thrown up at 
«iic lime is greater, and not so much scattered into spray. Tbe 
jets continue seldom longer than a minute, and the intervals between 
them are from five to six minutes. They are forced to bend for. 
vards from the well, by the shelving of the bank, or probably their 
iMight would be very considerable ; for they appear to be thrown 
up with great force* We never dared approach near enough to 
look deep into the well ; but we could perceive the water boiling 
near the surface from time to time, with much violeuce. The 
ground in front of it, was covered with a white incrustation, * of a 
inore beautiful appeairance than the deposition near any other spring 
ill this place. By a trial of it with acids, it seemed almost entirely 
calcareous. 

■ I have now described to you the two most remarkable fountains 
40 the valley of Kykum, the only two which throw up water to a 
(Ponsi<lerable height with any regularity. There are some from 
vrbence, in the course of every hour or half hour, beautiful jets 
biM^ out unexpectedly ; 1)ut their eruptions continue only a few 
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■vcnnils, ami between Iheni the water boils in tljc same mmnet as 
b llie oilier basons. 

Towarib llie u|>|>er end of tlie valley, there was a very curiou^ 
lote, wliich atlfHcteil raiicli of our RlluDlion. Ii seeiiitid lo haws. 
, Krved at some former period hs lite ivell of a fouiilain, but was of. 
Ill irregular fomt, and from four to live feet hi diatiietef. It 
I tlivided into difierent liollows or cavities at the depth of m 
few feel, iitlo which we could not iee a great way, on account of 
A ijiiaiililji of steam issued from Ittese recesses, 
rhich prpvenled us from examining them very closely. We were, 
Bunncd while standing iiear llii« civern, and in some measurs 
wlarmed, by an amazing loud and continued noise which came from 
«he bottom. It was as loud as the blast of air forced into Ibe fur.- 
B»ce from the four grtat cylinders at ihe Carron iron-works. , 

We could discover no water in any of the cavities ; but we founi 
wear the place many beautiful pel ri tact ions of leaves and mosses. 
They were formed with extreme delicacy, but were brittle, an(( 
Would not bear much handling; their substance seemed cbieflj 
arsillaceous. 
We perceived smoke issuing from the ground in tnany places in; - 
the higher parti of the valley, much ftirlher than we extended oiw 
walks, 1 am sorry to say we left many things in this wonderful 
counlry uue»mined ; but we were checked in our journey by raanji 
n'rcunistunces, which allowed us neilher the leisure nor the oppori 
jrtenityfor exploring every part of it as we could have wished. The 
T Abstances deposited near the different springs seemed to me, m 
B^bieral, a' mixture of calcareoun and argillaceous earths ; but near 
; spring, not far from our tents, there seemed lo be a slight de> 
Mition uf siliceous matter. To Ihe eye it resembled calcedoiiy; 
but with its iransparencey, it had not ihe same hardness, and, if 
|3res5e(l, would break to pieces. Tlie water you have analysed 
vrame from this spring, and we were obliged to take sonic care ia 
Silling the botlles ; for though gradually heaUd, they would break 
>«lieit the water was pourf^d into them, if it had nut been previ- 
ously exposed to the air for some minutes in an open vessel. 

The water of this spring bailed, as ia most of the others, in a 
cauldron four or five feet broad. I do not recollect to have seen 
any of it ever thrown up above a fuut, and some meat we dressed in 
i^gted very strongly of sulphur. 
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Hr. Baine, by a measurement of the rieptli, ilie breadlh anJ 
the vp'ocily of Ihc atreum flowing from the lilile GijBer, found 
the quantil^ of w«ler thrnivn up rvery miuule by it lu he 590.64 
viae gallons, or ;S-96cubic feel. Mr. Wriglit and myself fulluwed 
tti« stream, lo observe how far au; iiialter coutinued lo be depoiiled 
bj the water. We found some little still depuailed where it joined 
the river, a quarter of a mile at least I tain its source. At that place 
it retained llie beat of 33 degrees by Fiihreuheil's thcrniomeler. 

The vegetation on the banks of Itie stream, and in the pleasant 
meadows tlirough wliich it flous, is exceedingly luxuriiinl. Tbc 
fiirnier and his people were at this liine employed in culling tlie ha]F 
m them, wliicli, tliou;;h not high, was thick, and remarkably sucet. 
Tlie plants which Mr. Wri-^bt found in the greatest perfect ion, were 
the sedum acre *, the veronica becabuiiga f. tlie polygonum vivt- 
parum t, and the comarum palustre ||. 

A little above, where the current from the little Geyzer falls into 
tlie river, part of the lava, which has descended from t 'it: ujiper inti> 
the lower plain, has assumed close lo its banks, fur the space of 
some yards, a regular columnar sliapc. The pillars are ^Uurl, and 
Ikave five or six sides. I cannot be very exact in my account of 
(licni, as they were on the opposite side of the river. I iboiild 
tuppose they were nearly a foot and a lialf in diameter. Some were 
horizontal, and others vertical. We observed the same appearance 
ia many of the tracts of lava we traversed on our journey, and, in 
one or two instances, in those which had flowed from tlm sides of 
Blount Ilecla, ihongb ibe pillars there were less perfectly defined. 
So many streams of hot water fall into the river, thjt it receive! 
from tlicncea very perceptible degree of h£Qt. The lliermometer.iaia 
mersedinit above where it is joined by the waters of the tittleGeyzer, 
lose to 67 degrees, w bile in the open uir it stood at 00. The breadth 
of the river in the same place is forty fei't ; its mean deplb two feet 
and an half, and its course is rather mpid. Several kinds of fisk 
are found in it ; in particulur, numbers of very fine salmon. 

The village of llykum or Kyka, called either indi^criiniuatcly 
frorj Ri/k, an Icelandic word, signifying smote, is situated in the 
iijiddle of l)ie valley, and, by an observation made by Mr. Baine, 
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b h lalituJe 64° 4' 38" N. about twenty miles from Rykiavick, and 
tight or ten from Oreback, a snmll liarliour on liie southern coaat 
of ihe island. The village con*isls of llie farmer'* Loaae, and 
hoase» of his servauh or ilependenls, aud a small cliurcli. All i 
adjuc«nt lands belong to lilm, and lie keeps a considerable uuml 
ofslieepand callle, and some few liorset. These couslitule 
riches ; and he purchases at Rykiavick, with skins, wool and buttei^ 
vhatever he reijuires, of which the chief article is lish, for hi| 
while Kfi provisioi). 

I have now related to yon every circuinBlance that has occurred 
to me worlh mentioning concerning this iulr resting valley, I liavti 
regretted much, however, my hiabilily lo give you a more accurate 
■ccount of lome parts of it; in parlicular, of the many spriiiu 
wliich break out near the hills lo the north, and of Ihe rocks abov« i 
ihe field where i*e placed our tents, which deserved more attention 
Ihan I gave lo ihera. But we remained tn ibis valley a short time 
"Oiily, and the weather, during our continuance there, was very un« 
lAvour^ble. 1 shall here close this letter, and nscrve fur another 
^whicb you may very soon especl) ihe account I have yet lo send 
I jou of the Grvat Geyzer and the springs near ilaukadal. 1 aiu. 
^Dear Sir, with great esteem, your most obedient servant, 
' John Tho. Stanley. . 

3. Gej/iert, or Haukadal Springi, 

' Part of my promise has been accomplished .in a former leU 
*ter, in which I gave you the fullest account I could of the sfKiugi 
of boiling water that rise in the valley of Rykum. It now remaini 
' for me to send you a dcicriplion of those we visited in the ueigh> 
I'^urhnod of Ilaukadal. 

These last are the most remarkable in the island, and the erup. 
lioDs of water frnm tome of ibem so astonishing, Ihat I doubt whether 
lay adequate idea of their cITecl can be given by description. Abler 
|wns than mine might fail probably in attempting to do juslice to 
■uch wonderful pbeuomena. The objects, however, ore so highly 
ialereiting in themselves, that even the simplest narrative that can 

! given of Iheui will be read with more Ihiin ordinary attention. 

They are situated about six and thirty miles from Mount Heckia, 
Ud about twelve luilei, is a noiUi cait directioiii from the villap 



leS «PttIN(i9, EtV&nS, CANALS, tAKfeS^ 

«f SkathoU \ Th« road from thence to the springs is over a Ant 
«Mnitry» which, aUliou|^h marsh )r in several places^ is not unpleasant 
t»tlieeje, and abounds in excellent pasturage. i 

The steam ascending from the principal springs during their erupi- 
tfon^ may be seen from a considerable distance. When the air is 
s(31».it rises perpendicularly^ lik£ a column to a great height ; thett 
spreads itself into clouds^ which roll in successive masses over eacb 
•Cker^ untill they are lost in'tlie atmosphere. We perceived one id 
these columns, when distant sixteen miles at least, in a direct iin# 
fram HaukadaL 

' Ttie springs mostly rise in a plain, between a river that winds 
through it,, and the base of a range of low hills. Many however . 
hndk oat' (ron^ the sides of the hills, and some very near their 
anmiliitSk They are all contained, to. the number of one hundred 
#r niore, -within a circle of two miles. ' 

' The most remarkable spring rises nearly in the midst of the other 
^ffings^ close to the hills. It is called Geyzer f ; the name proba« 
My in the old Scandinavian language for a fountain, from the verb 
j^eysa, sygnifying to gush, or ia rusk forth* The next most 
lemarkable spring rises at u distance of one hundred and forty yards 
lironi it, on the same line, at the foot of the hills. We called it 
the new Geyzer, on account of its havhig but lately played so 
violently as at present. 

There are others of consequence in the place,^ but none that 
approach to these in magnificence, or that, when compared whh 
litem, deserve much description. The generality of the spriugs are 
in every respect similar to those near ll}kum ; boiling in cauldrons 
uf three or four ieet diameter, and some of them throwing their 



* Skalholt consists of the Cathedral, a large building of wood, and of a 
very few houses belonging to the Bishop and hit dependants. The BL>hops of 
the southern division of Iceland have always resided there ; but in future their 
residence will be at Rykiavick, a town now building on the south-west coast 
ttf tlie island. The present Bishop, however, the worthy and learned Mr Fin« 
len, has obtained the permission of continuing his residence at Skalholt during 
the remainder of his life. 

t Three or four only of the principal springs in Iceland are distinguished b^ 
tile name of Geyser, and of all the springs near Uaukadal the greatest is 
jilaoe called (ieyzer, or Great Geyzur. 
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w«ter from time to time by sudden jets into the air. Many springs 
k this place^ as in the other, boil through strata of colourecl clay, by 
¥fhich they were rendered turbid. Here, however, the red clays 
were brighter, and in a greater proportion to the clays of other 
colours. Here also, as in the valley of R>kuni, are uiauy small 
springs, which throw out sulphureous vapour, and near which the 
ground, and the channel of the water, are covered and lined with 
a thio coat of sulphur. 

The farm of Huukadal, and the church of the parish, stand near 
toeach other, about three quarters of a mile beyond the great spruig.* 
Tbe bouse is one of the best built in Iceland. It occupies a large 
iptKe of ground, and consists of several divisions, to each of wbich^ 
there is an entrance from without. Some of thest* are used as barns 
lod stables for the cattle, and others as woik-sho)»>*. The dwelling 
put of this house was small but comfortable. There was a parlour 
with glass uindows, a kitchen, and separate bed-chambers fcr the fa. 
nuly. Tlie building was partly of stone, partly of wood, and cover* 
(dmtb sods, under which the bark of birch trees on boards are ge» 
ttrally placed, as a greater security against r<iiii. 

We were obliged to the mistress of this farm, who was a rich 
widow, for z very hospitable reception, although at first she seemed 
to consider us rather as unwelcome visitors, and lett us, though we 
^d requested admittance into her house, as we were drenched with 
ntiu, and our tents and bac:s:as:e not yet arrived, to take up our 
l<Higing in the church. We had not been loiig there, bo\vever> 
kfore she invited us to her house, and by her kindness made ample 
\ I itnends for her former inattention. She put us in possession of her 
r I hwl room, and set before us plenty of good cream, some wheat 
^kes. sugar^ and a kind of tea made of the leaves of the dr^as 

» [ 1 mention these circumstances of our reception at Haukadal, as 
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* As the division of laboar is yet very imperfect in Iceland, the farmer it 
*^frilie necessity, either of excrcisinfij himself the several trades required in 
^^ formation of the instruments of agriculture, or of maintaining such servanti 
***'? capable to supply t'lem. 

"^ Called in Ene;li8h the Mountain Aveni. We fonnd this plant growing very 
"ixanaBtly, and in great abuodaocey on every part of Iceland thai we visited* 

^OL. III. K 
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diaraclerislicofihe luannersofltie Icelanders. Several times durii 
in> stay in Hie countrj, I experienced ihis siiccessinn of civility t 
culdoess. Tlic Iccldndera are naliirall} good, bui unt easiljr rouae 
lo feeling. When nnee llieir eon^litutionitl imtilTerence was iiveiconi 
we Usually found them desirous of pleasing, ajid zealous to do i 
service. 

As the Louse was not sufUcienlly large to contain the whole t 
our parly, we were under thi- iiecesiiry of rftumiug agxinlo thechurd 
as soon as our baggage arrived. Here we passed the first and Kcon( 
nights ut'our slay, in ihe neiglibourhood of the spriu°;s. On till 
third d»y, i>e left Haukadal, to fix ourselves in some slation nefltti 
to them, rr«m which we could walcU their eruptions with mon 
convenience. 

The view from near the church was very beautiful. It extendi 
toward the south ulong ihe plain into an npen country. On ihi 
otber side^, it was bounded by hills, which had not the barren and 
Tugged appearance ibai deform almost every scene in this dividoi 
of the island, ll was, however, still finer from some of the cmineucei 
near the springs. The plaiu and. the surrounding mountains, seei 
from a heiuhl appeared to ini>re advuolage; and Ihe erupltoni 
from the areal wells breaking from time to Imie the general sliil 
res* that prevailed, were much more disliucl. Tht course of lh< 
liver, windriig under Ihe eye, could he traced wilh greater accu 
racy. It flows through the plain hito an open country, where 
being increased by the waters of numerous streams and rivulels, i 
Leuda to llie westtvurd, and near SiialhoU falls into a cousiderabit 
river, the Untl.aa. 

The pleasant and fertile pastures near its banks wre euliveoec 
by numerous herds of calUe and sheep, Ibe united riches of thr» 
or four tanners in Ihe neighbourhood of [inukadal. The mower 
also at work in the different fields Burruundmg each liouie, givi 
at this season additioniil beauty to the prospect, Hi^'h hills lo th 
Westward were separated from the emiuencies immediately abotn 
the springs b J a narrow valley. They were partly clothed wirl 
bushes of birch, which, although in no place above five foot liigb 
were gratifying to the sight, which so seldom in Iceland can rest o. 
any appearance even of undertvood. Above these, some vegelatioi 
ftill coniiuued to cover Ihe sides of the hills, and Mr. Wright fouo* 
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imriely nf phnts'noar their summits, which were ccrluinly, in 
Mine place j, not less than sixteen hundred Tei't ahove the pbiD. 

To the enslvvaril> ihe plain, several miles in breadth, was houuded 
by a long range of blue mounUins, exleutting considerably to the 
Boucli. Beymd ihese. the triple summit orHeckla maj be seen from 
themestern bllb: but I could not distinguish it from the plains or 
ena froDl the heighlt whence the view of the surrounding country 
H*s taken which I am now describing. 

Td the north behind Hankadaj, Ihere were many high mouulains, 
blltU agreat distance, und of which the most distant were covered 
y/Hk wiow. Tliej formed part nf a dreary assemblage of Jokuls or 
icbnioau tains, which occupy a coDsirterable extent of the interior 
country. Tlmir forms were mostly conical ; and from iheir genera] 
iMtniMance to other mountains in the island, from which streams 
of lava haie been emitted, I think it probable they were once 
*ttIcaiios. TItey are not so connected as to form a coatiniied raiij^e 
or chain of hills. Each stands insulated; and therefore the soows 
wiicb liave for ages rested on their sides, are no more accumulated 
ttt valleys And converted into lakes of ice and glaciers, as amidst the 
Alps nf Switzerland and Savoy, 

A view so different from the general features of llie country, im- 
ptcssed us with the rooU agreeable sensations. Hitherto we could 
but compare one scene of drvariness with another; and although 
tin view befoi'e us was destitute of trees, yet the verdure and plea- 
laut distribution of hills and plain, in some measure compensated 
Air tliis deficiency. 

I iiow return to the acrnunt of the spring:^, which I have already 
bbtcived break out in ditferent places from the /titles of a hill, aud 
tjie Bpiice enclosed between its base and the windingj of a river. 
'Flit soil (hrnngh which ihey rise is a minlure of crumbled maleriaU, 
washed by degrees from the higher parts of the hill. In some places 
these have been reduced into a clay or earth ; in others, Ihey still 
Ttmani loose and broken fragments of the rocks from whence they 
hin Imlleu, or a dust produced by their friction against each other. 



Xaiaiipt nllicni) be faund llic mlir hirhacta (tCBl willuw) the ctraitium 
mlaiisni [wuiillj mouse par chicliiTeeil), llie rumiri digj/uus (round Icavrd 
nlaio lunel), anil (tie tomigiu, (n plnnl pecvlinr lo IccIbdiI}, (njwiDr \u 
■bunilaucc, though eenerall; in Inir and marahj graondt. 
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Wherever the ground is penetrated by the stream of the springs, 
these fragments are soon decomposed^ or changed into colourec 
clays. In other places the surface of the ground is covered witl 
incrustations deposited by the springs^ or with a luxuriant vegetatioi 
of grass or dwarf i>ushes of willow and birch, and the empetrun 
nigrum *, the berries of which were at this time ripe and in greal 
abundance. 

Above the great springs the hill terminates in a double pointed 
rock, which Mr. Baine found by measurement to be 310 feet higher 
than the course of the river; the rock is split very strangely into 
lamina^ and at first sight has much the appearance of a schistosof 
thick slate. It consists, iiowever, of a grey coloured stone of « 
very close grain, the separate pieces of which, although divided is 
they laY> do not break in the hand in any particular direction. I 
should suppose the substance of the rock to be chiefly argillaGeom^ 
apd that like every other stone in the island, it has suffered somQ 
change by the action of iire. I do not mean to call it lava, as it bean 
no mark of having been once in a melted state, whatever baking oi 
induration it niuy have sustained in the neighbourhood of subtem^ 
neous heat. It cnutains no heterogeneous raatterj or cavities^ in whidb 
agates, or zeolites, or vitrified substances of any kind> could hm 
been formed. 

AH tiiese rocks that have been either altered or created bv toe 
seem much more liable to decay and decomposition than any other. 
I have ever seen. INIounds, similar to those in the valley of Rykani 
have* been furmed by the luins of the hill halfway up its ascent be* 
tween the Geyzer and the pointed rock. Springs boil in many placaf 
through these mounds^ and near to one of them 1 observed that the 
coloured clay felt much more soapy than any I had tried befoiVi 
This quality probably was owing to a greater proportion of theearA 
of magnesia in its composition^ as in other respects it agreed perfedi 
ly with the rest. 

My attention, during the four days I remained in this place^wH 
80 much engaged with the beauti< s and remarkable circumstances <^ 
the two principle springs, that I cannot (^ere I so inclined) giveyoi 

♦ The crow berry. This is almost rhe only fruit we met with in Iceland, MO 
Wright found a few strawberries. Neither gooscberriei nor cnirailts will C<M^ 
to perfection by any management wtiatever. 
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I minute Hctntnil ofthoM whicli, Bt\t !o Ibfm, men dnnvin; nf 
aolice. The springs in grneni rr^CRible lliose si n\kiiin ; biH there 
in five or six wh:cli have Un-ir peculiurilir«, and tlirow pj) llieir 
Oiltn wilfi vinleii<« to a considrnibii; lieiglit. Tlicir batons art of 
iin^Iar fi>n].s, four, fi\« or stt fetl in riiarDettr, ami ttom some 
of lltrm lltG water ritibes out in alt iljrrctinns frsm olh4.TS obliquF- 
^. The rruplinns are never of long duntton, and Ibc iutervaU 
IK from 1* (o30nitnutM. The periods of both were exceedingly 
miible. One of ihe moH remarkitble of ibf «e springs threw out a 
{Kit quantity of water, and from its continual unite we iiatneH it 
Ac Roaring Ge^ier. Tbe eruplions of lliis fountaiii vnn incessant. 
Ac water darted out uitli fiirv tveTy four or fire niinules, and 
Arcitd a great space of ground tvitli the matter it deposited. Tbe 
j(ti were from thirty to forty feet iu height. Tliey were shivered 
ilto tbe finest particles of spray, and surrounded by great clou di 
sflleun. The situation of tliis spring was eighty yaida distaut from 
flc Gejwr, on the rise of the hiil. 

Iiliall DOW, Sir, attempt some description of lliis celebrated foun. 
tn, distinguHhed by tbe appellation of Geyzer alone, from tl>e 
(■'Mmineiice it holds orer all Ihe natural phenomena of this kind'' 
h Inland. 

B]^ a gradual depo«tion of the substances dissolved in its water 
^ t long succession of y^ars, jwrbaps for ages, a mound of con- 
ulerable height has been formed, from the centre of which the 
Gtjwr issues. It rises through a perpendicular and cjiindrical 
pipe, or shaft, seventy feet in depth, and eight feet and a half in 
■liailieter, which opens into a bason or fiintiel, measuring fif^y^niae 
fwt from one edge of it to Ihe other. The bason is circular, and 
w tides of it, as well a§ those of the pi|>e, arc polished quite 
■moolh by the contiiiudl friction of llie water, and they arc both 
'"rnitd Willi such mathematical truth, as to appear constructed by 
*"■ Tlie dechvily of the mound begins immediately from the bor- 
•"^fs of the bason. The incruilatious are in some places worn 
"BwiWi by the overflowing of the water; in most, however, ibey 
"« in mmiberless Utile tufts, which bear a resemblance to the heads 
*f cauliflowers, eiLCi'pt that they arc rather more promiuent, arid 
*f ci)¥ered, liy the falling of the finer, particles of spray, with a 
'T'tallitie rlflorescence so delicate as scarcely to bear the slightest. 
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altbougli it loses its fifjt delicac^f it still remaiDS exceeding)^ bean 
tiful. 

Tlicse iucruttalioni are of a liglit brown colour, and extead i 
Sreat way in various directions, from tbe borders of the bason, T 
the northward, they reach to a distance of SI feet ; to the east n 
86 ; to Ibe south of 118 ; and of 124 to the west. They are ver; 
liarti, and do not appear, in any part, decaying or mouldering intt 
soil*. 

When our guides first led us to the Geyzer, the bason wa» Sllcd 
to within a few feet of its edge. The water was transparent u 
crystal ; a slight steatii only arose from it, and tlie surface wai 
rufilt^d but by a few bubbles, which now and then came from till 
bottom of Ihc pi|ie. We waited with anxiely for several mmutc). 
expecting at every instant some interruption to llm tranquillity. On 
Bsuddeu, another spring, imniedialely in front of the place on which 
we were standing, darted its waters above an hundred feet iota 
the air with the velocily of an arrow, and the jets succeeding tbii 
£rsl emplion were still higher. This was tbe spring already mcD' 
tioned under tbe name of tbe New Geyzer. 

While gazing in sikuce and wonder at tliis unexpected aiu: 
beautiful display, we tvere alarmed by a buddeo shock of thegiouDi 
under our feet, accompanied with a hollow noise, uot unlike ihi 
distant firing of cannon. Another shock soon tbllowed, and wi 
observed the water in the bason to be much agitated. The Iceland 
ers hastily laid hold of us, and forced us to retreat some yarda. Thi 
water in llie mean time boiled violently, and heaved as if sonn 
expansive power were labouring beneath its weigh), and some (if i 
was thrown upa lew feet above the bnson. Again there were two o 
three shocks of the ground, and a repetition of tbe same noise, f 
an instant, the suirouuding atmosphere was tilled with volumes, c 



" The lubitanct of Ihcic Incnislationi hat lircn anBlysPd by PrufcHW Brr] 
■lan, and be givei a iong aad partkular aocomii of il, in > IrClcr lo Ae Arel 
L[9liui> of Upuil, pablishrd wilh the Archbiihup's Lctleni on Iceland. He My 
*' The (troDgest Bcidi, the fluor acid not enccpted, are nul snfficienl with 
•■ builiog-heal to disnlve thit lub^lancci It isdissolved very little (if at ttll) t 
" the btow-pliie wllh the fiuible salt of urine, a link mure Willi bum, ** 
" mikei a strung cffctvf jcence with lal tods. Thrse effeelt ate peculiar oi" 
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iteam rolling over each oilier us they ascended, in a manner inn^ 
pKssibly beaiitiriil, and tliroiigh wl)irh, columns of water, sliiveriiig 
jnlo founi, (larleil in rapid succession to lieigtits wliich, at the timet 
Mewere little ({uulified to estimate. Indetd, the novelt; and splen- 
)•' dourofiuch u scene liad aficcted our imaginaiiuns so ror(ihl<i, that 
•4 Kbelieved tlie exttenie height of the jet to be much greater than it 
4 wuaft«rwarda determined to be. In a subsequent eruption, Mr. 
I fiaine aaeerlaiued, by means of a quadrant, the gn-atest elevittioa 
towliich the jets of water were thrown, to be 96 feet. 

Much of the water began to descend again at different heightl 
uidffas again projected by utber culu nn^, wliich met it as they 
inse. At last, having filled the bason, it ri>l>ed in great waves over 
Uiinberless rills, made its wav down tliesides of the mound. Much 
Kuloslia vapour at>o, and still imire fell to the ground in heavy 
showers of spray. The intervals ut which tlie several jets succeedeA 
•wbotlier, were loo short for the eye to distinguish lliem. As 
%T mse out of the bason, they reflectrd by their density, the purt:st 
udtnoBt brilliant blue. In certain shades, the colour was ereea 
like that of the sea ; but in their further ascent, all dislinclLon of 
colour was lost, and the jets, broken imo a thousand part^ appeared 
*lute as tuow. Several of tliein were forred upwards perpt'nUicua 
""Jl but many , receiving a slight inclinatiou as they burst ti am 
t™ bison, were projected in beautiful curves, and the spruy wlnuh 
''" ftum them, caught by a succeeding jet, was buiiied away alill 
'''g'ler than it had been perhaps belore, 

Ttie jets Were made wilh inconceivable vel.ttity, anil tliose which 
^icaped uninterrupted terminated m sharp pumts, and iont iticTo. 
'''"csiu lite air. The erupliou, changing its lomi at every instant* 
""i blending variously with the clouds of steam that surrouD'led it, 
"itjnued for ten or twelve siiuntes ; the water then subsiued ihrougtt 
^^pipe, and disappeared. 

'I'be eruptions of the Gevzer succeed each other with some degree 
^ 'vgularily, but they ute not equally vioUn). orofequal duratii'U, 
^lie lasted scarcely eight or le: , whije others cimtinued, wall 
""•abated violence, lilleen or eighteen uiiauies. Between the great 
••options, while the pijie and bason were tilling, the wutet burst 
f^V«ral times into the air to a coti^iiierahle heia;hl. These partial 
J^'s, however, sekloin exceeded a niicaic, and Bometiiiies not a fcw 
■^ccnds, in duraiiou. 

L 



After the eruption of it had lieen violent, Hie water sank kb 
subterraneous cartrtis, tnA left Hie pi|ie qiiile empty. If iheen])- 
tion liaii lieen mo<lerate Ilie lubsitlence of the water was propatlioiis- 
biy lesa. The first lime the pipe was perfrclly emptied, we soun(!H 
its deptli, and found llie bottom very rough and irregular, "nis 
pipe remains hut a short time empty, Af^er a few seconcts, thewittt 
rushes into it agairkwilli a hubbling uni:ie, and during the time tint it 
h rising in the pipe, it is frequently diirted suddenly into tlie air ro 
different heights, sometimes to two or three, sometimes siityftt 
above the sides of the buson. Ity a surprise of tliis kind, whilevt 
were engaged measuring the diiimeler of the well we had iwirl; 
been spalded ; and although we were able to witlidraw ourselto 
from tlie great body of water at it aseended, yet we remsiiicfl «■ 
posed to the falling spray, which fortunately was so much cooled il 
ibe nir as to do us no mischii'f. 

Oflbese jets we rounteil twenty in an hour and an half, duriag 
which the waters had filled the pi|)e and in |Mrt the bason. It Hm 
>eemed oftentimes agitnted, and boiled witli great violence. The 
jets were more beautiful, and continued longer, as the 4|uanlily of 
water in the buson increased. The resistance being greater, tbtir 
force was iu some degree broken, and their form, more diviikd, 
produced 3 greater display of foam and vapour. 

While the pipe was filling, we threw into it several atones of 
considerable weigiit, which, wlienever the water burst forth v 
any violence, were projected much higher than itself. These slonti 
in falling were met by other columns of water, and amidst ihex 
tbey ro^e and fell repeatedly They were easily distinguished m 
the white foam, and conlributed much to Ibe novelty ami bettfll} 
of this extraordinary phenomenon. 

When the bason was n'enrly full, these oceasional eruptions tnit 
generally announced by shocks of the ground, similar to those pre 
ceding the great erupiions. Immediately after the shocks 'he 
whole body of water heaved exceedingly ; a violent ebullition then 
look place, and large waves spread themselves in circles from the 
centre, through which Ibe column forced its way. 

When the water had been quiet in the bason for some time, th« 
Ihemiomettr placed in it stood at ISO" only, but immediately aflei 
to eruption it ruse to 30O\ Wu boiled a piece of Sainton iu it. 




itbich WM exceedingly well tasted. Our cookery at Rykutn bid 
Ml been quite lo Biicresiful. 

Hie wDter Ibrnwn out from llie Gevier is jotaeil at tlie boltnni 
«flhe mound by that whicli flow* froio tlic spring called llie roaring 
CevMr, formeHy rteseribed. The stream produced by tlieit UDiied 
t^alers (lows three or four buitdred paces before it fulb into tbe rivei^ 
%here ill temperature is reduced to T2°, Eiei) at tbij place H 
deposited miicli ot'lheaiibstancesit cDulaJned ; but dariii!! ttie wliult 
W its course, the plants growing on its banks were covered with 
Beautiful incnistalionSi Some of these we wished to preserve, bat 
kra ibeir extreme tielicaey lliey fell into pieces on cTcry attempt tft 
t«move them. 

The situation of tile new Geyzer • is in the same line from iM 
not of the hill with the i^eat OevKer. lis pipe is formed witft 
tqual regnlarily, and is sis feet in dramcter, and tbrly.^ix fe«t 
kn incJiea in depth. It does not open into a bason, but it is nearly 
•undeil by a nm or wait two feet bi:h, AAer each eruption^, 
e pipe is emptied, and the water returns gradually into it as inl* 
at of the old Ctytvt. During titree hours nearly liiul the pipe b 
ling, tbe partial enipiinns happen seldom, and do not rise verj 
gh; but the water boils the whole time, and often wrtli gretl 
alence. The tentpenlure of the water) after one of these erupltun^ 
IS constantly found t'> be 313°. Few incrustations arc formed 
and this springi excepliug in the cbanuel where tlie water floittt 
im it. 

The great eruplion n not preceded by any noise, like that of tb^ 
eat G«y>er. The water bulls suddenly, or ii heaved over tbe 



Before Ihe month or Jnne 1169, Ibe year I >i -i led Ir inland, lhii(p<iogfad 

ptayrd with any dt^ee of violenrc, at \rast for a rvnsiderahle lime. (Io> 

Itie fnrmftlioa of ibr pip<- Bill flol allow at lu wippofe, Chat io itmyi\\ntm 

d si DO fi'rmcr prrod been ii' l°nt.) Bui io ibe month of Sane, this quartet 

Iceland had aaSttti s>.iue vert tncrc (bnckt ot an earihqiukp | and jl it n«t 

tuilikcif, ib.ttmaiivoFihe cavK fi cammuniraiing with ih? tKMlom i-f llitr pip« 

tad bren Ihrn colai^rd. and new souicc* of aalrr njieiird imu them. Th^ 

dilTerenef bPiKE-pn ibFrnipiiarinf (hit rouniain. and >lio« oF the )r,>ai GcyJi 

Xer, lanj be acconntrd for fiam the circDnotance of Ihete bring no buoo ottt 

pipe nf ibe first, i it « htch an^- vaiir can her^niainrd Io iolpmipl (be co> 

Jiould beie slate, Ih.!! me coiil t nut ditcotu sflj cwrea* 

iiice bciwecD tbe oap ttaof Ol tlie diflcccnl tpiiap. 
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sides of llie pigw; tli«u subsiding a little, it bursts into the air whll 
iiicoDceivabU' violence. Tliu column ol' water rcmaius entire, untiH 
il readies its e^itmne heiglil, tvli^re it is shivered into tlie finest pur- 
tides. Its direction was per|>eiiilicular, and greatest elevHtiou 133 
jteet. Like the eruption of tlie old Ueyzer, this consisted of several 
jets, succeeding each other with great rapidity. Whatever we thrcvr 
into the well was hurled into the air with such swiftness that the eve 
could scarcely discern it *, and the division of the water at the ex* 
tremity of the column was so niiuule, that the showers of sprar 
which fell were cold. Towards the end of an ernplion, when more 
■lean) than water rushed from the pl)>e, I ventured to hold my biuul 
near tfae edge of the colutnn, iii the way of some divided parliclesof 
vater, and found (hem tepid only. You may probably think this a 
rash experiment, and certainly it was so. But we bad made our 
observations on the uoifomi liireclion of the column, and confided 
our safety in it. Once or twice, however, we had reason to tbink 
ourselves more fortunate in escaping, than prudent iu avoiding, the 
(tanger which attended a too near approach to these eruptions of 
boiling water. During ten or fifteen minutef, the water continued 
to be thrown upwards with unclimmished iinpelunsity. At the end 
of that period, the quantity became less, and at Icngih, ceasing eD> 
tirely, steam alone ascended. In one instance, the eruption con- 
tinued thirty minutes. It seldom however exceeded twenty minutes, 
and sometimes was completed in fifteen minutes. The force wiih 
which the steam rises abates as the water sinks in the pipe, and when 
this iseKhansled, that soon disappears. 

I have now given you such a description of these celebrated foun' 
tains as was in my power. I hope that it will aftbrd you some 
■atbfaclion, and I could wish that it might serve as an inducement 
to some curious inquirer into the history of nature lo visit them, 
who shall have all the knowledge requisite for making such observa- 
tions as are yet to be desired concerning them, I cannot fialler 
myself, that the description 1 have attempted of their eruptions 
will impress you with a just idea of their beauty. Sources of com> 
parison are wanting, by which the portraiture of such extraordinary 



» Mr.Bainc measureil Ihe hpi^ht lo mliichastone was ihroiTD uji by anc of 
(hfiejci^, BDd fmiud it 1^9 Icci. Sunc olheii lu.c coaiidorabl; bijihcr. 
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scenes can be sssiskd. Nature no vliere offers objects benritigR 
resemblance to ibcm ; acid art, even in coiialnicling tlie water-worici 
•f Versaillf 9, bas produced notbing tbat can at all illustrate the mag- 
nificent appearances of tiie iSeyzer, All ibeti tiiat I hope for ii, 
to have said so much Bs may enable you to complete in your imagi* 
uulioD, the picture which I have only sketched. Imagination alone 
can supply tbe noise and motion which accompany such large bodiet 
of wafer bursting from their couJinemeiit ; an<l must be left tg paitit 
what I have not been able lo describe, the brilliancy of colouring 
Uie purity of ibe spray, the quick change of effect, and ti>e 1ho<^ 
sand varieties of form into wbicli llie clouds of steam, tilling 1b« 
atmosphere on every side, are rolled incessantly. 

I bave avoided entering into any theory of the cause of tliese phe* 
nomena, that you may not suppose tbe account I give you has l>ceii 
biassed by a favourite hypothesis: 1 have given you at) accurate 
slate of facts, and 1 leave to you the explanation of them. There 
c«niiot, however, be two opinions concernhig the immediate cause 
which forces the water upwards. It is obviously the elasticity oC 
steam eudeavouring to free itself. In addition to Ibis, tite forai of 
ibe cylinder through which the water rises, gives it that projectile 
force which carries it so IiigU. Beyond Ibis, it would not become 
me lo hazard any opinion. 

Of tbe antiquity of these springs I can sny nothing further than 
that they ate mentioned as throwing up ibeir waters to a great hei^it 
by Saxo Grammaticus, in tbe Preface to his History of Denmarki 
wlikh was written in tbe twelflli century ; but from the gcuerdl fcx- 
lutes of Ibe country, it is likely that they have existed a great 
length of lime. The oper.ttions of subterraneous beat seem indeed 
to be of great antiiuity in Iceland ; and the whole country probablj 
owes its existence to the fires whidi burn beneath its surface. Everj 
liill proves, at least, with what violence these brcs have acted fur 
ages ; and tbe terrible eruption of lava whicb burst from the niouiu 
tains of Skapletield in l^sa, show that they are as yet far from being 
«xlinguisbed. 

[Traniai^itiii of the Roi/al Sociafi/ of Edinlurgh, Vut. 3.] 
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SECTION VI. 

Alternating Hot and Cold Springi. 

Tff CRB are many tepid springs which, whbout any real change 
in their temperature, appeslr to the people that freqaent them to be 
mueh warmer in the winter than in the summer. Of these we have 
already given an example in the preceding section, in describing the 
warm springs in the district of Troas* Tfie apparent variatioD in 
such cases depends altogether upon the real variation in the tempe* 
rature of the atmosphere : the water sinking the thermometer be* 
low the temperature of the sarrounding air in summer, but raising 
, H perhaps twenty or thirty degrees above that of the winter season. 

There are other springs and fountains, however, in which there 
is a real diifereiKe in the temperature of the water at different sea* 
sons, as measured by the thermometer when plunged into the water 
itself s and while in some instances these alterations are irregular, in 
ethers they are 6xed and pcriodicaL Both these facts have been 
known to natural philosophers through a long series of ages ; and 
the last is thus minutely exemplifi<§d by Lucretius in his Nature of 
Things, vi. 848. • 

Esse apud Hammonis * fanum funs luce diumft 
Frigidus, ^t calidus nocturno tefn|)ore, fertur, 
Hunc homines funtem niniis admirantur, et acri 
Sole putant subter terras fervescere partim^ 
Nox ubi terribiii terram cailigine texit : 
Quod nimis a ver^ est longe ratione -remotum. 

A fount, 'tis rumour*d, near the temple purls 
Of Jove Ammonian, tepid through the night. 
And cold at noon-day ; and th* astonished sage 
Stares at the fact* and deems the punctual sun 
, Strikes through the world's vast centre, as the shades 
Of midnight shroud us, and with ray reverse 
Madden the well-spring : creed absurd and false. 

Good. 



Mamin" 
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And tbe philosofihic poet bavin;;^ thu% pereraptorily spuni^ the 

tominon theory, iminediiiteTy proceeds to iiufold his own» which 

o&rs A strikiug consonance to sereral of tiie chemical opinions of 

the present dav. He siippo>es that the elementary principles of 

caloric are driven to^tlier and concentrated by the contraction of 

the sides of the fountain that takes p!uce upon the return of the 

tveniDg cold, tu the same manner as we now suppose them to be 

driven' together and concentrated by the contraction that takes place 

^ the percussion of solid bodies; in consequence of which tlie 

^A^^i:» or whatever other substance may hereby be ex}K>sed to such 

concentrated action, must necessarily become proporfionably heated* 

"w Words are as foUous, which we shall interpret in XhC language 

of the translator and anuotator from whom we have already quoted. 

Qua ratio est igifur ? nimirum, terra raagis quod 
Ram tenet circum funtem, quam csetera tclUis ; 
^ Multaqne sunt ignis prope semina corpus aquai. 
Hoc, ubi roriferis terram nos obruit umbris, 
Sx templo subtus frigescit terra, coitque ; 
Hac ratione fit, ut, tamquam conpressa maou sit, 
Expriinat in funtem, quae semina quomque habet ignis) 
Quie calidum faciunt laiicis taclum, atque vaporem* 
Inde, ubi sol radiis terram dimovit abortis, « 

£t rarefecit, calido misceute % ap^re ; 
Rursus in antiquas redeuut pritnot^m sedes 
Iguis, et in terram cedit calor onuiis aqua'i: 
Frigidus banc ob rem fit funs in luce diurni. 

Dost thou the cause demr.nd, tiien ?— clearly heDce« 
TlKit round the fountain eartli n^ore spongy .spreads. 
And seeds of fire throng ampler.: whence, when night 
' Pours o*er the woild his dew-distillin^ shades. 
The chiird, contracting soil here strains abrtq)t 
As though comprcst by lingers, tow 'rds the fount *^ 
Suck seeds profusely, and the bubbling wave 
Proves to the touch, the taste, more tepid proves. 
But when, reversM, the sun with new born beam 
Earth rarefies and quickens, back prolouud 
Fly the young fire*seeds to their native bauntSi 



BPBINCa, BIVERSf CANALS, LAKES, 

Tlie fount forsaking: whence the sparkling tide 
Tastes iu the (i,iy more frigid than at iiiglit. 

Upon this sinking passage Mr. Good, from whose Irauslation we 
Iiave copied, has the following note, which we also cojiy, as being 
peciilinrl^ apposite to the present occasion. 

" Of the exutence of ihis curious fountain there can be no doubt. 
It is particularly described by Quintus Curtius, iv. 7. Pliny, ii. la 
and Poruponius Mela, i. 8. It is also referred to by Silius Ilal 
iti. 66$, aud by Ovid iu the follotving distich : 

Medio tua, camiger HamnioD ! 
Unda ^ie gelida est : ortiique, obituque, calescit. 



Tliy stream, O bom- 
Cliills us 



but V 



n'J Ammon ! in the midst 
rms at morn and eve. 



" The heat of ibis fountain was unijiieslinnably supplied I 
■ubterranean Jnflammtible substances iu a stale of combustion. Its 
alteratiou of cold in the day-time may have been produced, and es- 
pecially in the summer season, by tvnjioraiion from the groves that 
Mtrroundeil it; or by the subsidence of a regular hot Mp, like tbe 
pool of Belhesda, described by St. John, v. S— 4. which seems to 
.hare been pDBses.sed of powers in many respects similar. The Itomau 
/ouDlsb was, proliably, like the Jewish, a hot ipiittg ^aiih a tide, 
recurring once in every Imentt/.four hours f jeith this only 
^fftrence, thai the tide of the latter returned about noon, 
mnd that of the former at sun-feC or midnight. Our ois» 
country has a great number of these extraordinary springs; 
Tml they are in general so well supplied Kith subterranean heat 
»f to suffer no intermission ahatever. The Weeden well in the 
celebrated peak of Dcrbysbire, has an undoubted flux and reflux of 
its waters, but its tide is irregular, and it is not supplied with heat 
from below. The most extraordinary hot springs we are acquainted 
with are those at Geyser and Rykum, both in Iceland. Their 
lieats relHrn with their tides; but tliese tides, though irregular iu 
their periods, recur so frequently as to prevent their waters from 
ever becoming cold. That of the former returns ten or twelve 
tintiu iu the sourse af the day ; and such is the extreme calidity and 
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caoseqarat ebullition during ifiefir rvrurreiices ihat its waters ai 
projected in a jei.d'eauol' iioi U?4 ih-jii troiii five tu ten fathoms of 
perpen'iiculiir liei;:lit. I'be tides of ihe lidt-spriii^ al Rjkum, for 
llii^re are several, are TcDeued still more frefiucntlj; often, iB> 
deed, aol les^ th.iu two or iliree times iu llie course of a quarter 
of a.n liuiir. Tlie vprv curious but spring drscdbed b\ Captain 
Billings (Expedition to the Northern Parts of Riittia; near llie 
Tolc-iuKj ot ■ ipal>k in Kaiu-catka, is so incessantly supplied with sub- 
tcr<~sinf ill) beat, as to be perinitienily ebullient. — ll is very exttaonfi* . 
iii>t-> iliat ibe ice iu (lie celebrateil cavern of Grace-Dieu, a plen 
tiful and sniid during the summer, atid almost wholly wasted in th« ] 
vitatier season. M. Cadet, in a puper insetled in the Annates de 
Cttymie, vol. xlvi. bas eudeavuure<l to accoimt for (bis aoomaly, by ' 
the increase of cold prodiired h\ the evaporation from the inoist 
tad massy foliage ihat surrounds the cavern timing ll)e summer 
motilhs. He has here, i>erhaps, given us the real cause of the va> . 
tiatioii in tlie tctn)>erdturc of the fountain before us, but it is a cause. | 
scarcely adequate to Ihe production of ice iu summer, though it 
V*»y make a warm stream colder in the day lime than al ni< 

To this fuil au'l explicit account we shall only add the two fol^ , 
loM-ing coincident facta. " In the ihidst of Ihe liver Men, south «f| 
"'crbornugh in Northamplonshire,'* says the humourous and enter- 
("Wing liaar Walton, •' is a deep gulph called Medeswell, so cold 
«ttt j^ summer no swimmer is al>lc to endure it, jet it is not froze^ ' 
""he winter." And Mr- Walt-s.in hisJouriialof aihirleenmontb'a / 
ftJiclcnce on the nurth-uest coast of Hudson's Hay, which we shall 
■"o*-^ particularly advert to in a subsequent chapter, tells us, that ] 
ibeci he was ilajiu^ at one of the hunter's teats for about a week in ' 
month of December, he wns told Ihat lliere was a spring very ; 
'***" lliem, which was not yd frozen over, though the sea was frozeilt 1 
19 as far as cuuld be acen, and the ice iu the river was four or five 
'^' (hick. He w.'nt to see it: but that morning the frost Iiai- ] 
OEfco jp inlejise, that it was frozeu over about an inch thick. lie 
•"oke Ihe ice, and, to his surprizp. found the water so shallow, that , 

* mud was immediately raised from the bottom by the act of j 
''ewltjiij; it. Tlie adjoining spriug*, that were at least six times it4' ' 

•**li, !iad at lliii period been fioznn quite dry for several weeks.. 1 

* « «gitt timl Mr. Wales ius given us no account of the actual teufc^' 
'^■^turv or tilt; miii^ral ptmciplrs of tbU singular well. 
~ EniTon; 
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SECTION VII. 

Inflammable Springs^ Wellsy and LaJcei* 
1« Introductory Remarks. 

We have already observed that tbe materials with which water 
becomes combined in a long or devioas subterranean course, must 
be very numerous, and of very different qualities : for as it is the 
most general solvent in nature, it is capable of dissolving or of bold«> 
ing in suspension, a part of most of the substances through wliict^ 
it travels br which it accidentally encounters, whether earthy, olca-^ 
ginousy or gasseous. 

It hence, as we have already seen, frequently becomes united 
with large quantities of caloric, and produces tepid or hot springs; 
sometimes with pure air or other gasses, and produces bubbling 
springs or those which to the eye have the appearance of boiling, 
but to the touch or to tbe thermometer are Found cold ; and some.' 
times with highly inflammable or combustible substances, and are, 
bence capable of firing or supporting flame. 

Of this last kind we have various instances both in wells or foun- 
tains, anil in lakes ; and though tbe instances are not, perhaps, very 
numerous, they have been knov^n from a very early era, and when 
chemically examined, have been chiefly found to consi!«t of hydro* 
gen gass, or sonie bitumiuous preparation, as naphtha, asphalt, 
rock oil, or petroleum. 

One of the earliest of these inflammable fountains that occur to 
us in an unquestionable character is that of Dodoua, situated Dear 
the temple ol Jupiter, and uhich, as has been already hinted at by 
Mr. Gough in anr arlicic we have jubt quoted from him*, seems 
also to have been a perio^iical spring. One of the tirst and best 
^authenticated accounts we have of tins burning fountain is to be 
met with in Lucretius, to whose comprehensive lesearch as a natural 
philosoplier, we have already had frequent occasions of expressing 
our obligations. It occurs in lib. vi. 879. of his Nature of ThiiigSj 
as follows : 

■ I I ^ — — . — — urn 

« See the preseot Chapter, Sect« iv. art. 5« GiggleswicjK WelL 
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Fr%idii» Mt etiain funs, supra quern sita satpe 
S'upfia jacit fiammam, conceplo protiniu i«iii ; 
Tfdaque cominiiii ralione, adcenss per undss, 
Conlucet, quoquoDique natans iiipetlttur auris : 

A fount there is, too, wliich tliough cold itielC, 
Wilh icslant flare Ihe casual tiai iiifl^iuies 
Tiirana o'er iU surfjce; and Ibe buoyant torch 
Kiodles alike imniediale, o'er its pool 
Steering Ibe course tli' ellierial breese propels. 

Good. 

I "pan thb subject we must again have recourse to ibe learned 
I '""slalor's explanatioD aud exeniplificalioii of this curious plmio. 
'"fion, which he gives tis io the following note subjoined to the 
■raaslatioD we liave now copied. 

" This is perhaps a more extraordiuar; phEeaomeooo than that 
of hot springs. The account, however, is conlirnied by Plinj, who 
*<'da, that it was silualiid near llie temple erected 1o Jupiter at 
''odona, ii. 1 03. ' In Dodone Jovis autem tons, cum mI gelidus, 
" imniersas faces extinguat; si exiincle admoveaiitur. acceodil,' 
""l this is not llie only fountain of ibis nature of which Pliny makes 
"'^Otiou: for in lib. xxxi, 2, he CDumerales two more, tlie one in 
'""•ia, denommated Lycos ; and the other at Ecbalai: 
'"^ manner described by Sohiius. Siicb may have i 
liiDg we can affirm to the contrary, and our author's 
"■e nature of their operations is at least consistent a 
^^'^n in modern chemistry the approximation of dilfere 
"lit tare highly charged with latent or elementary fire, the Jire~s'eedt 
"' l^cretiiis, although sensibly cold to the touch prior to Iheir 
"*ntact, will occasionally produce ihe effect here delineated, and 
"^^rst forth into llie most surprising and inslanluneuus blaze. But 
"^^a phauiomenon is more fie(|uei)t1y produced by an admixture of 
^^getahlc essential oils with highly concentrated mineral acids, and 
**IHcially those of nitre and sulphur, than by Ihe union of any other 
•>»ljstancea, 

•' The gprii 
""fe lifjuid hi 



fxi'ited for ai 



id ingenious. 
it substances 



I hei 



spoken of consisted, in alt probability, of 

..,,„.,. , or if nut, of springs on the surtiice of which 

"uinen floated in great quantities. Sncb are by no means unfre> 

'"Oh. Ill 
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quent both iu our own country and nbroad ; ihe most remarkabT^ 
perhaps, among oursclyes, is that of Pitehford, iu Shropshire, whera 
ihe bitnminons fluid bubbles forlh Irnm ihe eurth like ft founlaitr 
In Italy they are more coinmoii slill, and very general in the isle c 
BarbuitoeS) But the most exiraontinary biliuiiinous springer « 
which we have anj account, are in llie Birmon empire. In tl 
province of Arracon Mnjor Symes met wilh a cnssiderable clu&Ic 
of them, tlie depths of whose wells wa^ about ihirly-seven-fathomi 
aiid the column of oil contained in them tjenerilly an high aa tife 
waist of those who descended for Ihe purpose of collecting it. Tlie 
Lycos of Pliny, which, as just objerved, he places in India, ww 
probably one of these very foimlains. A lighted torch or bundle 
of lighted tow, applied to any of these springs, will immediately 
set the whole surface in a blaie ; and, peilinps, if swell torch or tow 
were to be Btronglj impregnated with highly concentrated nitric, or 
sul|)huric acid, they would produce the same utTect, even without 
being lighted. The essential oil that most certainly ioflames whm 
suddenly blended with these mineral acids, is that of turpentine, 
au oil allied to bitumen. It is probable, therefore, that in the cast 
to which Lucretius alludes, the torch or tow made use of was alway: 
previously impregnated, if not with nitric or sulphuric acid, wilt 
some other substance possessed of a- similar inflammability. Thi 
inhabitants of the Lignrian republic have lately eraplnyed, wilb gm 
advaii'age, the petroleum of a spring recently discovered Bt Amiano 
for the purpose of lighting their towns and cities: the petroleum i 
pare ; its specific gravity to that of water being as 83 to 100 : I 
oil olive as 91 to 100. In the neighbourhood has also been lalel 
discovered a stratum of bituminous wood, which is uf ctpial use t 
a fuel. It easily inflames and gives a stronger heat titan the charcoi 
of oak. Its cinders contain potash, osyd of iron, lime and magnesi' 
See Amialea de Cheniie, vol. xlv. 

" It is to a tree and a fouutaio of this description, that Camoei 
refers in the following verses of his Lusiad ; which I quote in rurlh< 
confiimation that I have here rightly conjectured the kind of sprit 
adverted to by our own poet : Cant. x. 135. 



•■ Ve naquella que o tempo tornon Ilha 
Que tambem flamas Iremulas. vapora, 
A fonte que oleo mana, ed a maravilba 
Do cheiroso licor» q^iie o tronco cliora. 
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So fitr tite leAtned Iti 
firTfiiNGs*: wild b«s tmdM wwidd^ 
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ITif an (fe/i. m LamtaiUre. 

Bj ThonM Sbiifet, E»q. 




About a mile from Wigan in Lanadtiw a a spring ibe mtcr 
of which i^ supposed lo bant lik« oil. It is tme thai when we came 
lotbf gpriDg, aii<l applied ■ lighted candle (o llw inrhce of Ibe 
'Uler, lliere was suddea'y a large flame produced, wfaich burned 
^ipiroiul;. Having latea up a diabful of mater at the flanii^ 
pfict, and held llie lighted candle to it, the flame went ooi. Yet 
labKned that the water at ibe burning place boiled awl riMC up 
l^e water in a pot upon ihe fire, though mjr hand put into it fell 
M WsTmHi. 

Miit boiling I conceived to proceed from the eruption of tonie 
bitunious or sulpburoiii tmues ; cousidering this place was not above 
SOorM vnrds diManl from the mouth of a coat> pit there. And 
iiiitA Wigan, Ashton, and Ihe whole coontrj for man; mile^ 
'^ompia, is uiiderlaiii niih coal. Then allying my hand to the 
"iffece of the bummg place of tlie water, 1 found a strong breath 
''*< a wind bear agatiiit m;v hand. Upon making a dani, and 
■"Bdering Ihe recourse of IVesh water to the bnming place, I caused 
■flUwliicbwas already there to be drained away, and llien applying 
"■6 burning candle to the surface of the dry earth at the same point, 
"otce the water before bunted, the fumes look lite and burned 
*"> bright aad vigorous. The cone of (iie flame ascended a foot 
~~ll a half from the surface of the earth. The basb of it 
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the compass of a mait's lial about llie btim. I then caused a buckM 
full of water to lie puured on llic fife, by which it was prcstnllj 
quetictied. I did not perceive llie fl^me lo be discolouied lili« lliat 
of sulphurous bodies, nor to have any maiiifeat smelt with it. Tat 
fumes wbca llicy broke out of the earth and pressed agaiusl tut 
hand, "were nut lu my best reincmbrauce at all hot *. 

Phil. Trans. Abr. leCT. 

3. Broieley Spring in Shropshire, ^^^M 

By Mr. Richard Hopton. ^^H 

The famous boiling well at Broseley, near Wenlock, in tlie cointt 
of Salop, was discovered about June, 17 II, It was lirat amionnced 
by a terrible noise in the uiglil, about two nights after a reniurkablf 
day of thunder : Ihc noise awaUed several people in their beds, that 
lived hard by; who coining to a boggy place under a little hill, 
about 200 yards from the river Severn, perceived a surpriwig 
ruinbliug and shakiug iu ihe earth, and u little boiling up of wjitct 
throkigh ibe grass. They took a spade, and digging up some patt 
of the earth, immediately the water ficw up a great height, and 1 
eandle that was iu theli baud set it on fire. To preveni the sptiog 
being destroyed, an iron cistern is placed about it, with a cover to 
be locked, and a hole in the middle, llirough which the water may 
be viewed. If a lighted candle, or any thing of fire be put lo tlii) 
bole, the waler inmiedialely takes fire, and burns like spiiit of wine, 
o> brandy, aod contmues so long as the air is kept from it ; but by 
taking up Ihe cover of the cistern, it {]uickly goes out. The heat 
of Ibis fire much exceeds the heat of any lire I ever saw, and seeiw 
to tmve more than ordinary fierceness in it f . 

Phil. Tratu. Ahr. 1712. 

■ Tlie fumes hctt meatiDned ivere infl^unmableairor h^dragcngai, of wUct* 
Ihe rapid otcpnt Itiroughliie wntergave il llic appearance 11 f boil in j;, 

PMl. Tram. Abr. I66T. 

Thia well mny tlie reforc he regarded ai anolhcr inalance of Ihiree we liav^ 
■dverled to in Sectinn V, of the preienl ttiapler, Uodlrr the name o( BaibUnff- 
Springs, or ipringi llial frum the qusnlily of c1n<tic gnswltii which Ibe water 
b cmnbiaed, have tbe appearance of bailing without aoy tenaitile iocrraie of 
heot. EntTOR. 

t Thp apparent tioilin|r anJ aiceni of the wnler of litis spring, are ilill more 
obviouilylh* mull ofhydingen gas 01 inCamniBble air, ai ills cwiniDnl}' oiled/ 
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inout Fotmtain al Cracoa, wifh a Notice of various 
other iiiflammubte Springs, 

By Dr. Tancred Robinson. 
When I delivered my though Is * < once miog boiling fountains, 
llieir varieties and causes, I had not theu lime enough to mention 
Uie burning ones, except that not only Wigan Id Lancashire, with 
»bich those burning fonnlains, near Grenoble in Dauphine, near 
Cibinium or Hermansladt in Transylvania ; neat: Cliermay, a village 
ni Switzerland, in the Canton of Fributgh; and that not far from 
Cracovia in Poland, do agree in many particulars; as in being ac* 
lually coh), yet infl^mniiible and taking fire at a distance, on ibe 
■Ppticatton of any light body; which the boiling springs near Peroul 
••U not do ; this ought lo be understood of ibeiu in llieir sources, 
h*cause when removed from llience, neither the waters, nor their 
*arths will produce any such phaenomena, as boiling or daming. 

It is related of the burning fountain in the palatinate of Cracow, 
uiti on evapomting Ihe water, a dark or pilch-like substance may 
K extracted, nhidi cures the most iuvclerate ulcers in a very short 
lime; and that the mud ilself is very powerful against rheumatic 
ind gouty pains, palsies, scabs, &c. The inhabitants of an adja* 
cent village, drhiking much of Ihe spring, do generally live to 100 
«r ISO years, which is attributed to the sanalive virtue of the 
tvater -f. 

Phil. Trans. l68S. 



tluD ID the.prccFctiag inelance of Wigan- Wr II. And lo Ihe rcadrr a liltic 
acqn»inlrd h t[t> the prodiginui qimnliltFE of [hit material ihat are fr^qnenllf 
foming ia cavilirBbrlon Ihe ^arfoce or the eartli, ii it odIj aecctaary for hiv 
t* reverl lo tlie rzteneive and tremendoua mi^cliief prodnted by il on a laie 
occasion bI Felling Calliery, as already related in chapter iziriii. srclioa Tiii, 
of ihe present trorli. Editor. 

" See Section v. I. of (tic present chapter. 

t We hate already noticed ia a ptrci'ding eilrart rram Mr. Gcod's Traii»- 
iHlon of Lucrcliua, sre p. 14S, a morepcrrecl pilch or bitumen oblained from a 
i^lDg al Aniuin, in llie Liguriaa Republic, end which the inhabitanti^ uf Ilie 
Counlijr have been ingenioui enough lo employ fnr [he purpose sf lighting 
their lovns and citiei. And the ensuing article wilt be found to contain a fur 
more extensive instince of a similar secretion, and capable peihap) oF being 
eoaverted lo slill more oseFnl purposes, and upon a mncti litrger scale. 

Editoh. 
L3 
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B. Pitch Lake of Ike Island 0/ Trinidad. 
By Nicholas Nuijetil, M.D. 
Bkino desirous to ii»it the celtlralerf lake of pilch 
lo my departure from the Island <il' Trinidad, I embarked vtilli Ihal 
intention iit the month of October, IBO7, in a small vessel at ?m 
Spain. Afler a plea'^nut sail of ubnut thirty miles down the Gulf 
of Paria, we arrived at the point la Sraje, so called by the Frericli 
from its characteristic feature. It a a considerable headland, abiiut 
eighty feet above the level of the sea, and perhaps Iwu miles luii^ 
and two broad. We landed on the southern side of the point, at 
the plantation of Mr. Vessigny : aii the boat drew near the shore, I 
was struck with the appearance of a rocky bluflor small promonlor/ 
of a reddish brown colour, very difierent froD) the pilch which IImiI 
expected to lind on the whole shore. Upon enamintug this spot, C 
found it composed of a substance corresponding to Ihe porcelair* 
jasper of mineralogists, generally of a red colour where it bad been 
exposed to the weather, but of light slale-blue in the interior; it is 
a very hard stone with a conchuidal fracture, some degree of lustre, 
and is perfectly opake even at the edges ; in some places, from the 
action of the air, it was of a reddish, or yellowisb-biown, and id 
earthy appearance. I wished to have devoted more lime to Ibe 
inveMigation of what in the langua^e of Ihe Werueriau sehoul li 
termed Ihe geognostic relations of this spot, but my companions 
were anxious to proceed. We ascended Ihe hill, which was enlirtlj 
composed of this rock, to the plantation, where we procured a negra 
guide, who conducted us through a wood about three quarters of a 
mile. We now perceived a strong sulphureous and pitchy smell, 
like that of burning coal, and soon after had a view of the lake, 
which at first sight appeared to be an expanse of still water, fre- 
quently interrupted by clumps of dwarf trees or islets of rushes rod 
shrubs : but on a nearer approach we found it to be in reality an 
extensive plain of mineral pitch, with frequent crevices and chasnis 
filled with water. The singularity of the scene was altogether m 
great, that it was some time before I could recover from my surpiize 
so as to investigate it miuutely. The surface of the lake is of the 
colour of ashes, and at this season was not polislied or smootli so 
as to be slippery ; the hardness or consistence was such as lo bear 
any weight: and it was not adhesive, though it partially received tlie 
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■mpressiou of tlie foot ; it bore us without any tremulous 
-wbalever, uaJ several head of cattle were browsing on it in perfect 
«ecuri(3'. la die (fry season, liowever, the swttice is much more 
jrielding, and must be it) a stale approaching to fluidity, as is shown 
by pieces of recent wood and other substances being enveloped in 
4t. Even large -branches of trees which were a foot above ibe level, 
iiad in some way become envelo|>ed in the bituminous matter. The 
iuterslices or chasms are very numerous, ramifying and Joining in 
«v«y direction, and in the wet season, being filled with water, present 
the only obstacle to walkiug over the surface : these cavities are 
generally deep in proportion to their width, some being only a few 
inches in depth, others several feel, and numyahnost unfathomable: 
the water in them is good, and unco ti lamina ted by the pitch ; the 
fteople of the neighbourhood derive their supply from this source, 
and refresh themselves by bathing in it; flsh are caught in it, and 
particularly a very good species of ruuUet, The arrangement of the 
chums is very lingular: llie sides, wliich of course are formed of 
> Mk pitdi, are invariably sheNng from the surface, so as nearly lo 
MRt nt the bottom, but then they bulge out towards each other 
^■ith a considerable degree of couvexity. lUiis may be supposedto 
arise from the tendency in the pitch slowly to coalesce, whenevor 
solleaed by the ioleosily of the sun's rays. These crevices are kuowti 
occasionally to close np entirt:ly, and we saw many marks or seams 
Ironi this cause. How these crevices originate it may not lie soeas^ 
to explain. One of our piirty suggested that the whole mass of 
pilcli mighl be supported by ihe water which made ks way through 
accidental rents; hut iu the solid slate it is of greater specific gravity 
than water, for several bits thrown iuto one of the pools immediately 
sank *. The lake (1 call it so, because I think the common name 
appmpriale enough) contains many islets covered with long grass 
and shrubhs, which are the haunts of birdd of llie most enquisite 
plumage, as the pools ate of snipe and plover. Alligators ate also 
aud to abound here; but it was not our lot to encounter any of 



^^* Viten ef aifhaMam ate, 1 believe, frequenltj found floaling on tbe Dead 
»ea In Palf kline i but iliU;ir)ses prabablj' frum IJie nlraardlnaryipccilicgiaTitjr 
ef Ittc walen nf (hat lake, which Dr. Marcel fDiind (o be I -SI I . Mr. Hulchclt 
(Btei die *|>etific gravity of ordinary aBphallam (o vary from l'0a3 to I 165, 
Mia tw* rarielles at Uiatof Trinidad it was oi great as l-SS6and I'TIA. 
1,4 
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these animals. It Is not easy lo stale precisely llie extent of tbii 
great collection of pilcli; the line bclwecii it and the neighboiinitg 
soil is nut always well deHoed, and inilerd it apVit'ni'!> ■<> form the 
substratum of llic surrounding tract of land. We may say, bow- 
ever, that it is bounded on the iiorlli and west sides by the sea, on 
the south by the rocky eminence nf porcelain Jasper before men- 
tioned, and on the east by the usual argillaceous soil of the country ; 
the main body may perhaps be eslini»ted at three miles in circum- 
ference ; llic depth cannot be ascertained, and no subjaceut rock ur 
soil can be discovered. Where tlie hilumen is slighlly covered by 
soil, there are plantations of cassava, plantains and piue-apples, the 
last of which grow with luxuriance and attain to great perfection. 
There are three or four French and one English sugar estates in ll« 
immediate iieiglibourhood : onr opinion of the ttoil did doi, however, 
coincide witli that of Mr. Anderson, who in the account be gave 
some years years ago thought it very fertile. It is worthy of remark, 
that the main body of the pitch, which may properly be called the 
lake, ia situated higher than tlie adjoining land, and that you descend 
by a gentle slope to the sea, where the pilch is much contaminated 
by the saud oi the beach. During the dry season, as I have before 
remarked, this pilch is much softened, so that dtlfercnt bodies have 
been known slowly to sink into il : if a quantity be cut out, the 
cavity left nill be shortly filled up; eod I have heard il related, that 
when the Spaniards undertook formerly lo prepare the pilch for 
wcunomical pur|>oses, and had imprudently erected, their cauldrons 
on the very lake, they completely sank in the course of a night, so 
as to defeat their intentions. Numberless proofs are given of its 
bcin^at limcsin this softened stale: the negro houses of the vicinage, 
for instance, built by driving posts in the eanh, fretjuently are 
twisted or sunk on one side. In many places it seems to have 
actually overflown like lava, and presents the wrinkled appeiirance 
which a sluggish substance would exhibit in motion. 

This substance is generally thought to be the asphaltum of 
naturalists: in dilFereiit spots, however, it presents different appear- 
ances. In some p'jris it is black, with a splintery conchoidal fracture, 
of considerable specific gravity, with little or no lustre, resembling 
particular kinds of coal, and so hard as to require a severe blow of 
the hammer to detach or break it ; in other parts it is so mucli 
(oner, as to allow one to cut out a piece in any form with i q 



irm with 1 ywl« 

■ 



.CATARACTS, AND INUNDATIONS. loS 

Drhilchel, and in (he iDterioi' is vesicular aiid oily: lliis is llie charac> 
hr of by f>r Ibe greater [lortion of the whole mass ; m one place it 
Ilia p(;tfeclly fliiM slate, so that yon may take it up in k 
(Up ; and I am iDformtti ttiat in one of the nei^'hbouring planlationi 
'lirn u a spoi where it is of a bright culnur, shiniii", transjiarent and 
bnille.lihe bottle-Qlass or resin. The odour in all these ini.taiices» 
iliang, and like th:it tjf a coiuhioalion of pitch and sulphur. N» 
iul|i|iur, IiowDver, i° any where to be perceived ; but from the strong 
Bilialaljon of thiit substance and the affinity which a known to exist 
■etween the fluid bitumens and it, much is, no doubt, contained in a 
■tote of combination : a hit of the pitch held in the candle melt» 
Mesealing-tfax and burns uilh a light flume, which is extinguUbed 
■*ilKnever it is removed, and on cooling tlie bitumen burdens again, 
•fom this property it is suljicienlly eviileiil that this substance may be 
IDMJverted to many useful purj>oses, and accordingly it is universally 
ountry wherever pilch is rtquircd; ajul ihe ri-ports of 
K naval ollkers who have tried it are favourable to its more a;enenil 
■iJopliuD .- it is requisite merely to prepare it with a proporliun of 
H, tallow, or common tar, to give it a suDicient degree ot fluidity, 
)t this point of view, this lake is of va-^t iijttioiiul importance, and 
lore especially to a gri;al maritime power. It is indeed singular 
bat the RJteulion of government should jjoI have been more forcibly 
K:ted to a suhjerl of such magnitude : the attempts that have 
iitherto been mude to render it extensively useful have for the most 
'^rt been only feeble ami injudicious, and have consequently proved 
dtortive. This vast collection of biiumeji might in all probabihly 
ifford an inexhaustible supply of an essential article of naval stores, 
iud being situated on the margin of the sea could be wrought and 
llipped with little inconvenience or exjyense *. It would however 
fe (;rent injustice to Sir Alexander Cochrane not to sinle explicilly, 
fntX he has at various times, during his long and active command on 
ihe Leeward Island statiouj tuken considerable pains lo insure a 
|iru|ier and fair trial of this mineral produrlion fur the highly. 
nportaut uses of which it is generally believed to be capable. But - 
pfaether it has arisen from certain perverse occurrences, or from the 
•rejudice of the mechanical superinlcudanls of the colonial dock> 

■ This iilaud conl^na also » gif at quantity of Tatuablc limbei, and leveral 
lauU wliicli jicid eicellem licnip. 
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ytrdt, or really, as some Iiave pretended, from an absolute unfitness 
of (tie substance in queslion ; tbe views uf the gdlai.t admiral have, 
1 believe, been invariably ibwarled, OT liis exerrious rendered 
iltogelher fruitless. 1 was at Auligua iu 1609, "ben a transport 
arrived ladsti witli tbis pitcli for tbe use of tbe dock-yard at Englisb 
Harbour : it had evidently been hislily collected with tittle care or 
■eal from the beacli, and was of course much coDtaminalcd with 
sand and other foreign substances. The biat way would probably 
be to have it properly prepared on the spot, and brought to the 
state in which it may be serviceable, previously (o its exportation. 
1 have frequently seen it used to pay tbe bottoms of small vessels, 
for which it is particularly well adapted, as it preierves ihem from 
the numerous tribe of worms so abundant in tropical countries*. 
There seems iudeed no reason why it should not wli«n duly prepared 
and attenuated be applicable to all the purposes of the petroleum of 
Zaiite, a well known article of commerce iu tbeAdriatic, ortbatuf 
the district in Burmah, where 400,000 hogsheads are said to be 
collected annually |. 

It is observed by Capt. Mallet, in his Short Topographical Sketch 
of the island, that " near Cape la Brea (la Braye) a little to Ilie 
sontb.west, is a gulf or vortex, which io stormy weather gusbes out, 
raising the water five or six feet, and covers tbe surface for a con- 
siderable space with petroleum or tar ;" and he adds, that on the 
cast coast in the Buy of Mayaro, there is another gulf or vortex 
similar to the former, which in the months of March and June 
produces a dttunaliou like thunder, having some flame with a thick 
black smoke, uliich vanishes away immediately ; in about twenty, 
four hours afterwards is found along tbe shore of the bay a quantity of ^ 
bitumen or pitcli, about three or four inches thick, which is employed 
with success." Captain Mallet likewise quotes Oumiila, as stating 
io hb Description of the Oroonoco, that about seventy years ago " a 
spot of land on the western coast of this island, near half way 

■ Tlie illirrTeni liinds of bilumen haTC always beta found partkutarlj' nti-' 
noilcm to (lie claii of insects. There cui be lillle itoubl bnt llial the; Tatoied. 
ingredieiita in the Egyptian compost far embalmiDg Iwdics, aad the Arabians 
are laid Io avail th^msetvcs of ihem in prcBcrviDg Ibe tm|)|)>Bgi ef their hancs~ 
Vide Jaraesnn'B Mtaeratogy. 

t Vide Ailtia'a Dictionary of ChemisirT, quoted frun Caplarn Cox Id tke- 
Aaiatic ItcKarcbe!. 
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Ktween ibe cajiital, an [ndlan villane sank suddenly, and wu 
lUiinedmlely replucvd by a smull luke uf pilch, 1o (lie great (error 

r the inhabitants." 
1 I liav« had no opiraTlunity of ascertaining penonatly whclhei 
Hiese statements are accurate, tliougli sutiicicully probable from 
bhat is known to occur in ullier parls of liie world ; but I liave 
Icen iafuriited by several periiuris that the sea in (he neighbourhood 
it La Brave is occtisionatly covered Milh a fluid bilumen, and in 
|ie soulli-eaatern part of the island lliere is cerlatniy a similar 
ibtleetion of lliis bifumen, though of h'ss extent, anil uwuy small 
letaclied spola of It are lo he met wiih iu ihe wootts: it is even said 
lliBI an evident line of communication m^y tlms be traced betweea 
iK two great receptacles. There a every probability, that in alt 
these caies the pitch was originally fluid, and ban since become 
fSnspissaled by exposure to the air, as iiappeos in the Dead Sea and 
IWlier parts uf the F.asl. 

s for geologbts lo explain the ori<:in of this singular phaeno* 
1, and each sect will donhlless give a solution of the difficulty 
According to lis peculiar tenets. To frame any very satisraclory 
Ifpolhesb on the subject, would rec]uiie a more exact invest t<;a lion 
f Ibv neighbouring country, and particularly lo the soulbwHrdaiid 
istward, which t bad nut an opportunity uf visiting. And it must 
t remembered that geoli^ical inquiries aic nut conducted here willi 
lat facility which they are in sonie other [nirls of the world; the 
lil is almost universally covered with the tliickest and most luxuriant 
elalio)], and the stranger is soon exhausted and overcome hy 
9ie scorching ra,>s of a vertical sun, Inimedialcly to the southward 
le face of the country, aa seen from La Bniye, is a good deal 
roken and rugged, which Mr. Anderson attributes to some con- 
ihion of nature from subtertdneaii tiics,. in which idea be is con- 
firmed by having found in the neighbouring woods several hot 
springs. He is indeed of opinion that tliis tract has experienced 
tlie effects of the volcanic power, which, as be supposes, elevated 
great mountains on the mum aud the northern side of Ihe 
land *. The production of all hilnmiiious substances has certainly 
ith plausibility been attributed to the action of subterranean fires 
beds of coal, being sepriraled in a similar manner as when 

• vide PliUos. Trans, vol. titii. or Ann. Register for nS9. 
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cfiecird by artificial heat, and thus they may be (raced tlirougb tlie 
varions Iransformatiooi of vegetable matter. I was accordingly 
particular in my enquiries with regard (o the existence of beds of 
coal, but could not learn that there was any cenain trace of that 
substance in the island; and though it may exist at a great depth, I 
saw no strata that indicate it. A friend, indeed, gave me specimens 
of a kind of bituminous shale mixed with sand, and which he 
brought from Point Cedar, about twenty miles distant, and I find 
Mr. Anderson speaks of the soil near the pilcli lake conlaiuing 
burnt cinders, but I imagine he may have taken for them the smalt 
fragments of ibe bitumen itself. 

An examination of this tract of country could not fail, 1 Ihhik, 
to be highly gratifying to those who embrace the Hutlonian theory 
of the earth ; fur they might behold the numerous branches of one 
of the largest rivers of the world (t)ie Oroor.oco) bringing down so 
amazing a quantity of e;trthly particles m to discolour the sea in a 
most remarkable manner for many leagues distant * ; they might 
He these earthly particles deposited by the influence of powerful 
cnrrents on the shores of the Gulf of Piiria, and partieuturly »Q 
the western side of tlie island of Trinidad ; they might there 
find vast collectiouB of bituminous substances, beds of porcelain. 



■ Nouene can be more nuts Difleent Ihan ifaat pretcntcd on a nrar approach 
(o tlie Dorlh-neilern coast of Trinidad. Tbe sea i$ not nnly changed finin a 
light jcreen to n deep brown colour, but ha: in an eilmordinary degrre thnt 
rippling, confused and mbirling molion, whicli arises from the violence of 
coDlendiDg currenla, and which prevail here in lo remarkable a manner, par- 
ticnlaclj at Ihoie aeasaD) when the Oroonoco is so swollen by periodical rain^, 
that tcinIs are nut anfrequeDlly BeTeral days or weeks in stemming them, or 
perhaps areirreslilibly borne before them far out of tiieir deslioed tract. The 
daric verdare of lofly tiouolaini, covered with impeuelrable woods (o the very 
nimmili, whence, in the most humid of clinufci, lorrcnu iiDpetnouOy rush 
thruugfa deep ravines lo the lea g three narrow patsngei into tlie Gulf of Paria, 
between rugged mountains of brown DiicnceoDi ichisl, on whose cavernoa* 
sides the eddying surg* dashes with fury, and wh^re a vessel must neceisarily 
be fur Home lime eutiayed, with a dppth of water scarcely to be fathomed bj 
Ihc lead, — present altogether a scene which tnay well be conceived to have 
impressed the mind of the niivigator who first beheld it with considerable sur- 
prise and awe. Columbus made this land iu his third voyage, and gave il the 
name of the BotU dilDraga. From the wonderful dlscolorition aifd lutbidity 
of the water, he sagaciously cooeludtd thkt ■ very large rirer nai near, and 
coosequently a ptsl coBiinent. 



A 



CATARACTS, AKD INUNDATIONS. 

juper, snd such oth«r bodies at may readily be supposed to 
*xhc from ihe luoditied acliun i,f heal on sucli vcgelal)le sod 
Wrihy materials as the waters are knoivn actually to ilepotit. 
Tliey would further perceive ho very vngue Iracea of lubterranean 
ire, by wbich lliese changes may liaie been effecled aud the 
Mbole tract eleralvd above the ordinary level of tlie geiierat laosff 
'Kil vf the couDtry : as for instance, hot sjirings, the vortices 
pftove meutioued, Ihe frequent occurrence of earlh(|uake3, and 
'too singular 5<n) I i- volcanic mounds at Point Icatjue, which, though 
■ut ve[y near, throw light on the general cliaracter uf the country. 
Without pledging myself to any particular sysleni of geology, 
A confess an explanation similar to Ibis appears to me sufiiciently 
iprobable, and consonant ivilh the known phxnoniena of nnture. 
■S vast river, like the Oroonoco, must for ages Iiave roiled down 
''freat quantities of woody nnd vegetable bodies, which Irom certain 
WKcs, — as the influence of currents and eddies, — may have been 
trrealed and accumulateil in particutnr places; tliey may there have 
Vndergone those ttansforniations and chemical changes which vari- 
Ws vegetable subiitancea siniilarly situated have been proved ta 
n&r in other parts of the world. An accidenlnl fire, such as is 
known frei)uenlly to occur in the boweU of the earllii may then 
Aave upcraled in separating and driving off the nenly formed bitu* 

PUpn mure or less combined witli siliceous and argillaceous eartbSf 
*hicb forcuig its way through the surface, and afterwards becoming 
iQspissated by exposure to the air, may have occaaioucti such sceaea 
as I have ventured to describe. The only other country accurately 
resembling this part of Trinidad, of wbich I recollect to liave read, 
is that which bortleis on the Gulf ofTainan in CrimTartary : from 
the representation of travellers, springs of naphlaand petroleum 
squally abound, and they desciibs volcanic mounds precisely 
to those of Poitit Icaque. Pallas's explanation of their 
o me very liatisfactory ; and I think it not improbable 
Don and ^ea of Azof may have acled the eanie pari 
producing ihese appearances ia the one case, as the Oroonoco and 
Inlf of Paria apjieur to have done in the other*. It may be 
ip|)0»ed thai Ihe destruction of a forest, or perhaps even a great 
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savanna on iIif spot, would be a more obriout mode of aceouiiTing 
for litis singulur plixnomenon ; liut, as 1 shall jmmeiliHtHy slate, 
all this part of the island 19 of recent iilluvial foraialiori, and tlie 
land ull aloDg t\\» coast h daily receiving a considerable accession 
from llie surrounding water. Tbe pitch lake with the circumjacent 
tract bt'ing now on the margin of the sea, must in like manner have 

\ an origin of do very (listaiit dale; betides, according to llie 
aha*e representation of Capt. Mallet, and which has been frequently 
corroborated, a fluid bitiimeu oozes up uud rises to the surface of 

: water on both sides of the island, not where the sea has 
encroached nn and overwhelmed the ready-formed laud, but wtiere 
it is obviously in avery rapid manner depositing aud forming a new 
soil. 

From a consideration of the great hardness, llie specific gravity, 
ai]d the general external characters of the s]>ccimenE snbmilted 1 
few years ago to the examination of Mr. Hatchett, that gentlemiD 
was led to suppose that ?. considerable part of the aggregate miu 
nt Trinidad was not pure niincTal piicli or asphaltum, but rather ■ 
porous stone of llie argillaceous genus, much impregnated with 
bimmeii. Two specimens of the more compact and earthy sort, 
analysed by Mr. llalchett, yielded about 32 and 36 per cent, of 
[nire bitumen : Die rc^dnum in llie crucible consisted of a spongy, 
friable and ochraccous stone ; and 100 parts of it aft'orded, as far 
as could be determined by a single tiiul, of silica 60, alumina 10, 
oside of iron 10, carbonaceous matter by estimation 11; not the 
smallest trares of lime could be <ii^covered ; so that the substance 
iias no similarity to the bituminous limestones which have been 
noticed in ditferent parts of tlie world •, I have already remarked, 
that this mineral production ditfers considerably in different places. 
1'lie specimens e;iaiuined by Mr. Hatchett by n 
in character willi the great mass of the lake, which in most cases, 
would doubtless be found to be iufiuilely more free from combiua* 
tion with earthy substances; though from llie mode of origin wluch 
[ have assigned lo it, this intermi;(ture may be regarded a 
Jes^ unavoidable. The analysis of the stone after the sejiur^lion of 
the bitumen, as Mr. Halclielt very correclly observes, accords with 
tite prevalent soil of the couutry ^ aud I may add, u ith the soil 
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"bich beta; drponlH ^ the islMace of evneaU, gmtnllj acc»* 
'"ubtes; and in a dinue nbcfe v^ttabon ■ artoBtikiagh npid, 
* Bfwedilj oowiTit witli ibe nmignvTc md olbcr wocxb. It b 
**^corrtiiiglT obsenrd, tinl the leeward wde of (li« nlaml oaofUntlj 
^^kcraacbei on ibe gulf, nuA mume ibelli arc freqaenllv found on 
'•*« latxl al a cootiderablc dinaace from tbc »«. Tbii h the 
'Haracler of Nipariina and tbe greater pan of tbc coantr* I nw 
^•oiig the coait to la Biaye, It a not ooIt in fotmiaB and exteodin^ 
*lte coast of TriDidaH, that ihe Orooooco eierts in powerful agency: 
^o-operaling mith its mi^t; sister Aood, tbe AnuuofU, it Las maoi- 
^sily fotmeil all that lioe of coast and tut eiteitt of conoU; 
■deluded between tbe extreme braoches of each river. To u&e the 
^inguageof a writer in tbe Philosophical Tiattnctiou^ of Edinburgh ; 
*■ If yon cast jour eve dpoa Ibe map. vou will obKtrefrom Cayenne 
lo the botl*m of tbe Galf of Paria thia immeiue tract of swamp, 
formed bj the sediment of these rirers, and a limilar tract of 
sliallow mudrf; coast, which their contioDed operatiao will one dav 
elevate. The wdiment of the Amscoro is carried down thus to 
leeward (ilie westward) b; the coDslant currents which set along 
from the southward and tbe coast of Brazil. That of the Orooooco 
is detained and allowed to settle near iu mouths by the opposite 
ilbnd of Trinidad, and still more bj the mounlaiDs on the main, 
which are only separated from that island by the Bocas del Drago. 
The coast of Guisna haj fcmsined, ai it were, the great eddy or 
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resling-place for (lie washings of great part of Soutli Americii fof 
ages ; itnd its own coniparattvelv siiihII streams have but modified 
here and there ihe gram! ili-posit •." 

Having Ueen amply gratified with our visit to this singular plart, 
nhidi lo the usual niagmficeiice of llie West Indian luiiditcape utiiiei 
ll>e striking peculiarity of the local scene, we re-embarked !□ our 
vessel, anil stood along tlie coast on our rclum. On the way tve 
landed, and visited the plantations of several geullenien, who 
feceived us with hospitality, and riade us more fully aciguaiDled 
with the stale of this inland : a colony wbicli may with truth be 
described as forluaute in its Mtuatioii, fertile in its soil, and rich 
beyond meusure iu the productions of nature ; presenting, in short, 
by a rare condiTnatior), all which can gratify the curiosity of the 
naturalist, or the cupidity of the planter; restrained in the deve- 
lopment of its aiiloiiishing resources, only by the inadequacy of 
population, ihc tedious and illiiefiued forms of Spanish Ju^itice, and 
the severe, tliougb we may hope transient, pressure of the times. 
[Geological Traniactu 
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Medical Springs, or Mineral iVnlerXf commonli) to cal 

1. Inlroiluctori) Remarks. 
Waters holding miaerals in solution are usually called mineral 
waters. But as all water in a natural slate is more or less impreg- 
nated with mineral substances, the name mineral waters should be 
confined lo such as are sufiicieutly impregnated with miiieral mat. 
tefs to produce some sensible effects od the animal economy, and 
eitlier to cure or prevent some of the diseases to which the humaa 
bod; is liable. On this account these waters might with far more 
propriety be called medicinal, were not the name by whicb tliej 
are colnmonly known too firmly est.ihlished by long use. Tlie 
medicinal materials usually found inwaters of this kind are gasseous 
acifis, sulphur or sulphurels, purging salts, and metals. They wt 
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>nielimes found of the usual teiiiper«lur«, and not iiDfrequently 
raised tkr bejund i(, vi' uhjcli we have alreacij' giveu u tew «xam- 
pies in one or two of the preceding seclious. The heat, as we have 
also already hinted, appears sometimes from active votc-diios in 
the immediate viciiiily; and sometimes from the disengagement of 
sublerrunean gasses powerfully combined with caloric. In many 
insUiKGs tiie heat apptars to be generated by ibe decomposition of 
water itself. TbiiSj for example, there are varieties of pyrites wliicb 
arc converted into sulphute of iron, by ihe contact of water, and 
aucli a change h accojiipanied by an evolution of beat. Were we 
'o auppose tile Bath spring to flow through a bed of snch pyrites, 
'ti iieat might be occasioned by a decomposition uf litis kind. Siicb, 
pfobahly, is ibe way in which those mineral springs, that con- 
tain sulphureted liy<lrogen gas, receive tbeir impregnaliou. But 
""e are pretty certain, that sucb a supposition will not apply to Batli 
'^^'^r : first, because it does not contain the quantity of sulphate 
of iron, wliicli would be necessary upon such a supposition ; and 
•«condly, because instead of sulpbureted hydrogen gas, which 
would infallibly result from such a decomposition of pyrites, there 
1! Ui evolution of azotic gas. This evolution of azotic gas, however, 
"a decisive proof that Ihe beat of Bath waters is owiug to some 
''^^o in position or other, which takes place within the surtaee of the 
evtl) ; though, from our imperfect acquaintance with the nature of 
""^ mineral strata, through which the water flows, vie cannot give 
'"y saltsfictory information as to what tliat decomposition actua 

ailjr ij_ 

In treating this important subject m as popular a way as a saaie- 
*'^*t exact and scientibc enquiry Kill allow us, we shall fiisl take a 
Dricf surtey of the prtndpal raedicioal waters of foreigu countries ; 
"^^t of those that are domestic or belong lo our native soil; 
"^4 tlicn examine Ihe gmeial nature and proportion of the iiii- 
"^ral sutfstances that oiter into tlism, and point out the means of 
"^^tcting and analysing them. 

Editor. 

a. Principal Foreign Medicinal Walert. 

In the peninsula of Kanipschatka are several hot springs, jms- 
kuing very lingular properties. Captain King vp^t «f one at 
VOL.111. M 
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an inconsiderable oslrog, or (own, called Nalcheeiin, disUnt 
(hirly-eiglit versls, or twenty. five miles, from Karaichin. He says 
a «feani rises from it as from a boiling cauldron, and Ibe air round 
it has a strong siilpliurcous smell. Tlje main s[)ring forms a bason 
of about lliree feet in diumeter, beside which there are a number 
of lesser springs, of the same degree of heal, in the adjaceut 
ground, so that the whole spot, to the extent of near an acre, wai 
so hot, that it was impossible to stand two minutes in Ibe satn^ 
place. Tlie bath was reported to have performed great cumit^ 
various disorders. In the bathing place the ibernionieter stood ^t 
100^, or above blood.heat; but in spring, alter being immened Iw>q 
minutes, tt was oue degree above boiling spirits ; the thermometrr 
in the air at tiie same time was 34°. A variety of planfs were j«a 
to grow about (his spring with great luxuriance. 

The Baths of Caltpso, id Asia Minor, are a litlle more tliin. 
3 mile from the city of Bursa, and form very handsome structures- 
covered with domes ; they are so famous for the cures which tfatf 
have eficcted in different diseases, that people come an hundred 
miles to receive the beaefit of them. 

In Constantina, the eastern province of Algiers, near the city o£ 
this name, which in ancient limes was called Cirta, ami is noif 
the capital of the proviuce, we meet with a group called ihcsv 
Inchanted Bathi:, situated on a low ground, surrounded wili^ 
mountains. There are here several springs of an intense heat, and 
at a small distance are others extremely cold. The hot sprites 
have a strong sulphureous steam ; and Dr. Shaw observes, that the 
heat is so great as to boil a large piece of mutton very tender ia a 
quarter of an hour, and that the rocky ground over wbicb the 
water runs, is, fur a space of an huudrcd feel, reduced to a sUte o/ 
calcination by the operation of this water in its course, H»ad(h, 
that these rocks being originally soft and uniform, the water, b; 
making equal impressions every way, leaves them in tlie shaped' 
cones and hemispheres, which being six feet high, and neatly of lit* i 
tame diameter, tlie Arabs believe to be the tents of their prede«» J 
«ors metamorphosed into stone. And where these rocks, intt 
with their usual chalky substance, contain some layers of a bardci I 
matter, oo^so easily dissolved, there appears a confusion of tr 
and channels, forming figures which ibe Arabs d^itiuguish inliJ 
rauieU, horses, and sheep, with men, women, and ^Idreii, wlwa 
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^F'Ainong Ibe Alps are seteral iiiinerat spnugB and warm balhs, 
^H[ GwissEflanil aiul Genimny tlii^re ure four towns which bear Uie 
^^nnre of Baden, fro«i the uarni baths wliich rentfer tlieni rcinark- 
Mle, In BaOkN, the capital of a counlry bordering on (hecanton 
of Zurich, ihe baths were I'atnons even at tlie com me uc lament of 
the climliun acm. They are about a quarter of a mile below the 
li>wu, nn bolli sides t!ie river Limmal, The largest of ibcni are at 
Imnpen, a pretty little borough, which consi^la of haudsonie 
bouses seated on an eminence. It ii computed that the water is 
conveyed by no less than sixty canals to the several inns and private 
bouses. They come from variaus springs by the side of the river, 
»nil it is said from one in the midst of the ri*er itself. The ivaters 
are hot in the third degree, and impregnated with sulphur, alum, 
I and nitre. The sprin<ts always rise to the same level, uilhout 
increase or decrease, but are thought to have most virtue about 
ll* beginning of May and September, because they then abound 
most with the bulpluiric acid. 

Tile water is good for drinking as well as bathiug, and is rernm- 
tamdtd for Ihe cure of distempers, not only of the hot kjiid, as 
fffrs, bill for those proceeding from cold humours, pains in (be 
lieaJ, vertigos, &c. disorders in the breast and botveU, asthmas 
ud obstructions. In the centre of the place is the Poor's bath, 
^■M St, Vercua's, formed by a spriug that rises in the very middle 
oflh«»treet. Here the poor people batlie in an open f^ituation; 

Bits wulers being cstci'med a cure fur sterility in women, it is 
that scarce any young woman of dislinclion marries in this 
ti; without making it an article in the marriage-contract that 
liasband shall lake her every year to the baths ot Baden ; the 
iwlies being here permitted to wear those dresses, and allowed 
IliOK diversions, that are prohibited in other parts of Swissertund, 
Blainville observes, that ihose who bathe in the public laths, are 
generally such as cannot afford the espense of the private ones, 
bve^their shouldera cupped in them, and that instead of cupping. 
glasses lliey use large rams or bucks-horns ; so that in these baths 
Sfe somelinies seen two or three hundred naked persons of both 
ttxes, with horns on their shoulders. The people who slay at 
^b^il^a fur ihc use of Ihe baths, are obliged to buy the water Iliey 
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use for drinking and ilressing thrir victuals, it being brought finiB 
Bnden, or wme springs on tltc ctlicr side of Ihe Limroal, ihe wsler 
ef rliat river beiiii; always thick am) muddy, from the rapidil; of 
its course nnioiig ibe rocks and sand. 

Preffers, ill Latin iabarium, and in French Favtere, is aim 
famous for its baths, Tbey are sealed in a valU'y at the bottom 
of two steep rocks or mtmnlaina, through which ihe river TamJii 
rushes down with a frigiitful noise. The crags of the rocks advance 
an as to form a kind of arch. Tlie descent to tbe belhs was first 
Ly ropes, as into a well, afterwards a passage was made down t» 
them by wooden bridges fastened in one another, and suspeiidetft; 
between the rocks, and then with infinite labour were built bagniom 
and lodging-rooms : but tbe huildingi were so darkened by the roCks, 
tliat they vere obliged to employ lighted candles in tlie rooms at 
noon-day. In ]()39 these buildings were all burned down; biit 
the next year the abbot caused utheis to be erected, in a pleastinter 
and more Irghlsonie place, by culling passages in the rock, ami 
erecting wooden bridges where the earth was wanting. The water 
is perfectly clear, without either laste or smell. It generally [lab 
about the beginniiig of May, and goes t^iie away about Ifw 
middle of September. It is iinpregtiated with sulpliur, nitre, «A 
several metals, particularly gold. It is hot in the second degree, 
and good against various distempers, parlicularly obstruction! of 
the braiB and berveH, pains in the head, epilepsies, deafliess, "iitit 
eyes, paby, obstructions of the viscera, fistulas, and oilier ulcers. 

Baden, in the neighbourhood of Vienna, is also much celebrBtcd 
and resorted to on account of its warm bnths. Here both sexu- 
bathe, without distiuctioD, in the same batit, and at the same tioit. 
Tbe bathing clotlies are made to cover tbe whole body ; and those 
of the Women have lead at the bottom to keep them down. Tlieit 
are seals wilbio the baths for the couvetiience of silting in tbt 
Vater, which can be raised or lowered at pleasure. Tlie conipui| 
walk up and down in the bath, conversing together, and tbe ladiei 
are sometimes treated with sweetmeats. Tliere are particular doon 
a)id stairs leading into the separate stDve.roora^ out of the batli 
where Ihe difiereot sexes dress and undreis apart. Soma of the 
common baths however, are within the stove rooms tbemselveS) 
and in most of them the water is extremely clear, Tbe princi- 
[hU it called the Womeu's Bath, and nejit to that tb« JaJB** 
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ud Artihoni/'s baths. TJiere is also one approprialed to the use 
of ibe poor. Tiie sulphureous effluvia arising from the batha liiige 
DiDst liinds of metals with yellow; and a.silyer cup, aflpr beiog some 
lime used for (liiiihing the water, contracts a sort of gilding. These 
btithsare chiefly recoinmended to patients afflicted with gout, laoie- 
Dess, pains in the joints, or any aithritic disorders. 

lu the Valais are tliu famous hot-baths called the Biilka of 
Leack ; they are ill a valley about two leagues distant from a village 
of ibam a me, inclosed on all sides by high mountains, through which 
IliCH is ouly a narrow passage to a wood on the south side. They 
lie formed by £ve springs, nut far frosn each other. The largest, 
*biclifills eight baths, flows plentifully, and the water is hot eoough 
for boiling eggs. It is for the most part clear, but sometimes 

I^ianga its colour. It is purgative, and good against coldsi the 
SOal, weak stomachs, diseases of the liver, lungs, and spleen, 
liiouteu of sight, convulsions, defluxions, the dropsy, stone, ulcers, 
Ac There is another of the springs good agaitut the leprosy, and 
tt a small distance from these are several cold springs, the targes^ 
ofwbich flows only from May to September, that is during the 
■tunmer, when other springs art; dried up, but this is ascribed to Ihc 
'■belting of the .<notv on the Alps. 

Near the lake of Bourget, io Savoy, is an allerualing spring, 
^tiich rises and falls with some uoise, but not at stated ui)d regular 
bneii, Af^er Easter this alteration is frequently perceived six times 
11 an hour ; but in dry seasons not abov^ oucv or twice : it issues 
from a rocb, and is called U Fontaine de MerveUl. oniewhat 
similar to this are several of the springs of lhi>i country, that throw, 
tip more or lesi water, according to Ihe alterations in the Rhone ; 
but they have seldom so short and fi^<]uent a flux and reflux as in 
the tpriiig just mentioned. They coutain different mineral sub. 
urances, but are chiefly celebrated for their flux and influx. 

lu Lower Hungary, tbe village of B-'?ar is celebrated for it* 
warm baths on a hill in its ueighbourbood. About six hundred 
paces from it, towards the south, iu a fine meadow, which makes 
part of a most delightful valley, is an aperture long noted for its 
noxious effluvia, which have not beei^ sufficiently analyzed, bu^ 
which have been found to kill both beasts and birds. A stream 
gutbes out from it with great imjjietUDsity, and is at rapidly ab- 
BMJieJ. These effluvias are not poisouQUS to man ; for the water 
B m3 
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may be druoL, aiid the beasts and Towlj killed Uj it niay br 
&afely eaten. 

Aix LA CiiAFELLE, ill the circle n( W'estpbalia, has beeii long 
lislinguislied for mineral springs i here i* n uoble fountHin. formed 
by four springs, which run from above inlo a copper lislern thirly 
feet in dianieler. weighing twelve ihousand pnunifs; and ou Iht^ 
top of llie fuuiilain is a liirge brass staluc, of Charlemagne in .-icl^ 

noui^ As the city lies in a valley surrounded with mounlab^ 

there aretwenlv other public fountains of clear water, besides mai%^ 

private ones. Witliout St. James's ^ale are leii hot mineral j^prin^v^ 

1 some cold ones, beside several in Ibc adjaceut fields. Tfa^ 
streams that run through the city keep it very clean, and drif^^ 
!everal mills. 

Of the more celebrated baths of this city, there are three wil^tr^v 
[he inner walls, which are called the EmperQt'f, Si. QMirimu'czS' 
ind the Little Bath. Charlemagne nas so mtich delighted miiI^C^ 
the first, that be Irequently invited his sons and nobles In bathe aiK^K^ 
■wim there wilb him : but it is now divided into five batliiiig.rooms^^ — '• 
The Little Bath Joins to it, and the springs of bolb rite so hot, llia^^ 
ten or twelve hours are allowed fur their cooling before they can b^ir~ 
used. They arc strongly impregnated with nitre and sulphur aur^ 
sulphurated hydrogen gas; and sometimes cakes of hriaislone aiic:< 
saltpetre of a considerable thickness are taken out of lliem. Their 
taste is at first uupleasaiit, and their smell resembles that of a rotten 
egg, or of our Harrogate water. Near these baths is a spring of 
warm water, much resorted to in the summer mornings, and drunl 
for chronical diseases. Those in the New Town, which ii 
liore lialh, ihe Poor's Bath, and St. Corneille's, uie by n 
means so hot and clear as the former ; but they are of much \h 
same nature, and their smell is as oll'cusive. Near the hot sprin;i 
lie many cold ones, by which ibeir beat might be temper 
wilb a little expense they luiglit be made some of the most deligbU 
fill halbs )D ihe world. 

About the distance of a furlong from the south gale of iritis 1 
Cbapelle lies the delightful village of Poucet, or Borctt, which ill 
■aid to have derived its name from the wihl boars that formeiljfl 
abounded in the neighbouring woods. Here are many hot springstf 
on both sides of a small cool rivulet that runs through the viUagff 



VlTABACTa, AND -INUN DATtONB. 



16; 



^ 



and are conveyed by pipes and conduits into fourteen houses, 
which areiornied twenlj-eight balhs, aonie of whicli are much hot- " 
ter than those in the towu, and must be cooled eighteen hours before i 
they can be used. Tliey are for the most part live or six yards 
•quare, and their tvaler is clear and pleasant. Oob quits oprn to 
the xir, celled " the Poor Mao's Bath," has a spring so hot thai the 
people scald pigs, and boil eggs in it. The* baths are not bo 
rtroug as those in the city, and are hence often preferred for the 
■Qore weakly; and on this account, those of all ages and condi- 
tions bathe in them, for their diversion, without any danger. 

At Metmorn, two miles from Paderbom, are three springs, two 
^f which are not above a yard asunder, and yet are of very difierept 
*)^ahties: the one is limped, of a bluish colour, luke^warm, and 
^^^ntanis saUarmoniae, iron, alum, sulphur, nitre, and orpimcnt; 
^■>e other is as cold as ice, turbid, and whitish, yet has much Ihs 
''^^me contents ; hut the water has a stronger taste, and is heavier 
*<ian the other. It is said to be a perfect cure for worms, yet the. 
*Vjwls that drink of it are immediately thrown into convulsions, but 
%re soon recovered by an infusion of common salt and vinegar. The. 
tbird spring, which is about twenty paces distant from the other 
%«o, ii of a greenish colour, but very clear ; the taste has a mixture 
»f sweet and sour. 

Spa or Spaw, a town celebrated for its mineral waters, is seated, 
in & valley surrounded with mountains, and coutaina three hundred 
houses. The part called the Old Spa, which is properly only a „ 
suburb to the new, consists of a few miserable cottages ; and when 
strangers arrive, the poor inhabitants send out a swarm of children 
to get what they can by begging. Even the houses of New Spa, 
are little, dark, old-fashioned, wooden buildings, and yet it it 
affirmed, that they can make twelve hundred beds for strangers.. 
The inn called " the Court of London," is very large, and, as it la 
ifae best in the place, is chiefly frequented fay strangers. The names 
of (be five principal wells are Tunnelei, fValpoti, SavinierSf 
GerensUrd, and Poubon, all of them are strong calybeates; highly; 
impregnated with carbonic acid gas, and some of them with lime., 
The inhabitants are employed in making toys, and other things for 
strangers, to whom they are very civil, and ready to do them all/ 
(ood offices, 

iters of Pybhont are likewise Id Wbstphalia, 
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dtadel of PnriiaDt a fortified witb a blood vlittb, mi hlgb I 
parts: it has also mbfetraormis ps?«a;cs. Fmm |]k ditrb of" 
diadel a cmal hat httu tanied (jutte down to lh« spring, nbtn a 
a Innteral fountaio, which nsa about twent* feet bigb. A little 
above is a bouse in wbicb an a*»enib!t b lield, and near it b (he 
bouse that raclotes ibc spring: aboDt forty feet dislaore from this 
fotiDlam>beafl risei, nrih a considerable noise, llie great bubbling 
■pring, which is used for bathing; ami at a hondred and (weWe 
feet distant, to tbe west, issues the louer spring, which is mticb 
weaker. These sprinos are freqaenlly resorted to by persons »f 
<listtficlir)D, in order to drink tbe waters in the higliesi perfection- 
Frederick III. uf Prussia once visited them for tbal purpose. 

At Bttda, in UuNGABT, in the suburbs of Watieraladt and 
Reiseniladt, are five warm baths, the principal of which, called the 
Emperor't, Is baill somewhat in the manner of (he Rotunda at 
Rome, with a large aperture in ihe centre of the dome, betide 
several small boles or windows round the cnpola, for admilliug 
more light. In a large balh, in the centre uf the other four, both 
■exes publicly bathe logelher, the men wearing only a kiud of 
drawen, and the women what they term a fore shift, but the coai* 
mon people, for whom one of the other baths is appointed, look 
upon even tliLi sligbt covering as siiperflnous. There is also a pond 
of mineral water, which has this surprising properly, that when Ihe 
water b wholly turned off, the water- springs cease flowing; but 
when Ihe pond is a lillte above half full, they lelum again. 

The Sbltzeb waters are procured from a spring which, wilfaout 
floHing, rises in a well, near the town uf Needer SeltKer, in tbe 
bishopric of Treves, in the circle of the Lower Rhine. It has a 
bribk acidulous taste when taken up from tbe fountain, but loses it 
on being exposed to ttie air in an npen vessel. These waters operate 
chiefly as diuretics ; they are also powerful suiiseptica, and give a 
getille stimulus to Ihe nerves: they allay heal and thirst, and bave 
been much prescribed in scorbutic, phthisical, nod nervous cases : 
in gouty cases tbey an likewise drunk, from a pint, to two or tfarce 
more, tn a day. 

Of the miitetal springs m France, it will be sufficient to men- 
lion two or three. 

The waters of La Mothe, in that part of France nbich wtlil 
kitely wu named Dauphine, arehigMyesteenwd B«a reined; 
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disorden of the itoniach, tluxos, and even lameneis, and more » 
indeed tlinn tlie waters at Aix, in Savoy. La Mothe is a vtilley 
about tive leugnes trom Grenoble, that runs between two liieb moun- 
tains, and has no olher ()ros|>ect but lliat of bare and sleep rocks. 
TFhe only dwellings here are wretched huts of straw, so that tlie 
country is in every respect disagrees l)le> The Drac, a very rapid 
iner, proceeding from the high pari of the district jof Gap, is, aa 

were, eqiicezect in flt La Motlie bertveen two higli rocks, ptevioui 
its fdlliug into the Icere. Oa its shore, at the foot of a verj' 

;ep iocIe, is the mineral spring, which, if tlie river rises but half m 
foot, is covered with ila turbid water. 

Aix, is ill taliri Aqua Sexliee, and called jiqate frciu its baths, 
and Sextia from its being enl-Lirged and beautitied by Sexlus ChItw 
nus. This was the 6rst setilemeiil made in Guul by the Romans, a 
hundred and tiventy-four years before Christ, Tills city, wiiich 
was tlie capital of Provence, and the seat of its parliament, slands 
in a valley of considerable extent, planted chiefly with olives, in 
h latitude, and S" 36' east longitude from Greenwicbi 

enty miles to the norlbward of Marseilles, and thirty-five to tha 
K>ulh-east of Avignon. In its suburbs^ tbe warm mineral spnii^ 
once so celebrated bj llie Romans, was foniid a second time in 1704» 
on digging for the foundation of a house. The waters are found 
serviceable in gout, gravel, scurvy, palsy, indigestion, aslhma> 
and consumption. The magistrates have nii^ed a plain building, 
ID which are two private baths, and a bed-chamber adjoining 
to each. Mr. Swinburne obsfTves ihat the waters are scarcely 
warm, and almost tasteless. The town is plenlifully supplied 
with water, flowing on all sides from the impending hills. In iba 
year 1771 an inundation overspread all I he lower quarter of the 
city, to the height of from twelve to fifteen feet ; when all the 
Ttntagc was entirely destroyed, together with much cattle, and 
numbers of inhabitants. 

In the neighbourhood of Clermont, in that part of France which 
■rtill lately was cnllcd Auverne, are wells, tbe waters of which 
possess such a quality that any substance laid on them soon contracts 
• stony crust. The most remarkable of these is that in the suburb 
of St. Allibr, which has formed a famous stone bridge, tneu I ioned 
by many historians. I'liis bridge is a solid rock composed of 
■IraDi, formed during the course of many years by the run- 
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nine of > lie pettif^ini; waters uftbis spring. It lias no cavi^y^H 
arches, till ufler above aiMj ;>uces in lenglli, where 1 he rivulcM^I 
Tirclaine t'i)rcps Ub way tlii'iiii>.'li. This petrifying spring, whkk 
fulls on e much higher}- round lliaii ihr bi-iJ of the rivulet, gradually 
leaves hehiniJ it some »loiiy ualler, tv(ii''!i in process of lime has 
thus rorniFil aa artli, through which llie liidaine has a free 
passage. The necessily ihai this pelrifjing mailer seems to be 
uaHer uf forming itself into aii arch, cuulil conliiiue no longer than 
the brcaillh of Ihe rivulet, atltr wliich the waler of the spring r^o 
regularly ubder it, and there procee<led a new petrifaction resem. 
bliug a pillar. I'lie iithahitaiila of these parts, in order to lengthen 
this wonderful bridge, have diverted the brook out of its old 
channel, and miide it ]>aSB close by the pillar, by which means they 
have caused the spring to form a second arch ; and thus ihey might 
have produced a$ many arches aud pillars as tbey pleased ; but the 
great resort of people to see lhi)> natural curiosity becoming trouble- 
some to the Benedictines of the abhcy of St. Allier, within whose 
jurisdiction the spring lies, in order to lessen its petrifying virtue, 
they divided tlic spring into several branches, which has so well 
answered tbeir intent, that at present it only covers with a thin rrnst 
those bodies on which it falls perpendicularly j jet in those over 
which it runs in un ordinary course, no traces of ita petrifying 
qualities are any longer perceivable. It is the only water used for 
drinking in this subntb, and no had effect: is felt from it. 

In Italy, at llie distance of about four Italian miles from Padua, 
is the village of Abano, which is much freijuented in summer, on 
account of the wiirm baths at about half a mile from it. In these 
bulbs are three sorts of water, of very different qualities; some of 
the springs are impregnated witli sulphur ; others are boiling hot ; 
and the water springs up in such quantities as to drive a mill, at tlik 
distance of about twenty paces from the source. The wooden pipes 
Ihrough which tiie waler is conveyed to these baths are often en- 
crusted with a wliiie stony substance, not easily separated from the 
wood : and the e\act impression of ibe ^ eins and knots of tbe wood 
on [his concretion, n^akes it perfectly resemble petrified wood. A 
sudatorium or sweating-bulb has also been built here, the etiecl of 
wliich is produced by tbe steam of tlie waler. Some of tbe springs 
which are tepid, are »id to be impregnated with lead, while others, 
iroiu their reddiih wdinient, and other sigus, appear to be cbal]|> 
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beate. Id Ifaose where aulpliur predotninutes, the pipes conlfact a 
crust ofwliitish salt. 

In additiun to Ihia account of gasses arising from the earth, < 
Oioae ariiiiig from a luke iu Lapland may be verv properly inlro- 
duced. M. Maiipertui^ nlio describes them^ lajs, " the fine lakes 
wliicli snnouiid the mountain of Nieini, give it the air of an en- 
cbanted bland in romance. 0[i one band you see a grove of trees 
green, euioolh and level as the walks of a garden, aud 
at such easy di^lnnces as neither to embarrass tlie walks nor the 
jffospect of the lakes that wash the foot of the mouutain. On tliei 
other hand are apartments of different sizes, that seem cut by art 
in the rocks, and to ivant only a regular roof to render them com-i 
plete. The rocks themselves are so perpendicular, so hi°h, and so 
flniooth, that they mt<jht be taken for the walls of an unfinished 
^lace, rather than for the works of nalure. From this height," he 
saw those vapours rise (rom tlie lake which the peopl«' 
of the country call lialiiot, and deem tim guurdian spirits of the 
(uountains. We had been friglileued with stories of bears haunting 
this place, but saw none. It seemed rather, indeed, a place of 
jTesort for fairies and genii, than fur savage animals." 

On an island which is formed by l!ie rivers Persante and Raduye, 
fomerania, are springs of muriate of sada, or common sail, of so 
Mrong a quality, that the inhabitants obtain from them considerable 
[uantities of this material. 

' 3, Principal Domeilic Mineral Waleri. 

In describing ilie mineral or medicinal springs which distinguish 
England, it will be proper to begin with those in Somersetshire. 

Bath, an ancient and renowned city, is seated iu a plain of 
moderate extent, surrounded tvitb hillH, which form a kind of amphi- 
theatre, whence flow the springs th:it render this ciiy so famous. It 
is situated a hundred and eight miles west of London, nineteen 
nonii-west of Wells, and twelve south-east of Bristol. It rose inlu 
consequence from its springs, which in the time of the Romans » ere 
luiown to possess very salubrious qualities, and their reputation is 
still higher than that of any other springs in England, and inferioi 
to few in Europe. The hot springs are peculiarly beneficial to Ihe 
paralytic, the gout^, and the bilious, but tnan^f ottier d^»Qri]e^Te 
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relieved hy them, on bathing, or receiving Ihem on llie part afflkl 
from a |)UiiTp; I i icy are cliieOv used iu the spring aud autui 
Tbeii nalera are Jikewitie drunk medicinally. 

The city tK'itig on all siijes sheltered by high hills, the air remai 
ably mild and salubrious, ihe adjacent country cielig hi fully div«ntl 
and romantic, provisions of all kinds very abundant and cheap, 
fishes in a copions variety, many persons of rank and fortune, 
chousiiig it, or its vicinity, for their stated resilience, have contributed 
lo form it inlo one of the most gay and vgreeahle spots in the 
kingdom, and, in this res)>ect, it lias become a rival even lo the 
inelropoiis; like which it is also continually visited, except at a very 
(hort interval in the height of summer, by the nobility and gentry 
nf the kiiigilom with their attendants, gamesters, adventurers, and 
fortune-hunters. This fashionable resort has caused new buildings 
to be carried on, of late years, over a vast extent of ground, and 
the rage for building hiu at least kept pace with the demand for 
houses ; but a great inducement to such undertakings, is the abun. 
dance of fine white stone which the quarries in the neighbourhood 
of the city supply. The buildings are raagnihcent, aud many of 
them in a grand taste : the streets are large, well-paved, and cieaa j 
the market-place spacious, open, and supplied with the best meal, 
Sahes, vegetables, fruits, &c. The grove, the squares, and parades»_ 
Utract notice ; the circus and cresccnl are maguiticent ranges o^ 
building, aud ^ndeur is advancing indefinitely. 

Here is a neat theatre, which was erected, under the authority-" 
of au act of parliament, in the y«iir 1768, and has ushered into' 
notice some of the most celebrated actors of the age, particularljr" 
Henderson, and Mrs. Siddons, Here too the mutical band was focr- 
lome time led by Dr. Herschel, until that wond«rfnl man renouncecB 
his profession of music, to become one of the greatest astroaomer^ 
in the world. 

In some places the hot and cold springs rise very near each otbera> 
and in one place within two yards. The hot springs exhale a thu» 
kind of mist, and somelhing of an ill Smell, proceeding from th^ 
sulphureous panicles combined with the water. These hoi springs 
are always the same; for Ihe longest and heaviest rains do not caus(3^ 
them to discharge more water, nor the driest seasons occasion thena 
to dischiirge less. 

Of theK springs, that called the Cross-Balh, fron 
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merJy erectH in the mJddlt or it, ia of a moderale warnilfa, and a 
|)&r$aii mtiv slay much longer in it ibaii in any of the other balba. 
It is enclosed With a wall, ou the sides of which are seats, and -at 
the ends galleries for the niu^c and spectators ; under it are ranges 
of small ilressing-ro 31713, one for the gentlemen, aiid tlie oilier for 
the ladies, who bcitig dressed in linen habits, go together into lh« 
Water, the men keeping on one side, and the ivoinen ou the olber- 

TTie Hot-Bath, sa called from ils being much hotter than the 
Cross-E»th, is fifly-eighf feet and a half distant Irom it. This bath 
has a well, whose water not only supplies its own pump, but is 
conveyed by pipes to the pump in the Cross-Bath. 

The Kiog's-Batli ba^ a spring so hot that it is necessary to temper 
it by admitting cold water; but the heal of the hottest spring ii 
not sufltcient to harden an eg?. 
I" The Queen's-Bath has no spring of its own, but is supplied by 
■brier conveyed from the King'». 

^^There is likewise a bath for lepers, into which none go but sucli 
■to the physicians suppose to have this disease, or some other of a 
'similar kind: liiia is made by the overflowing of the Cross-Bath. 
'The poor who bathe in it have an allowance for their support from 
the town ; hut are chiefly relieved by the contributions of the 
gentlemen and ladies who come to enjoy the benefit of the other 
baths. 

The fullowing is a correct table of the temperature of the diSeient 
baths, as given by Mr. John Howard, Phil. Transact ious. Vol. VH. 
p. 201 :— 

7um|i in Ibe bath 1I3» 



King'i bath pump 11S° 

Hot lialh Damp 114 



Qnern't batb, coolnt part 97 

IVHtto, warmeil BS 



Cruss 



aohst part . 



. W> 



Ciou bath iiump.,.. 

Pum|i in tbe Market-place, Badi 54 

Springs on ClnverCon 4T 

Si. JainCE's 5pripii5 water. 43 

Springs on I^DMJowD 45 

Old Wcll-Bouac, Bristol 61 

New Well, ditto IS 
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' Tliese temperatures were taken in the months of November and 
eccmber, 1765. The scale was Fahrenheit's, and the thermo' 
r constructed by Bird, 
this city there are spacious and lofty rooms for balls and 
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, BSBemblies j and the studious liave an eatiy supply of al) kinds 9^ 
books. There are two large sloue bridges turned over the river. 
The stone with which llio line buildings in thUcitj> are erected is dn;; 
ont of the quarries upon Ciiarllonduwn, and conveyed down a steep 
bill, by iL fuiir.wlieeled carnage of a particular form and :itructure ; 
the wheels are of ca»l iron, broad and low, with a groove in the 
perimeter to keep tbem on tlie pieces of wood on which the carriage 
moves down bill wilb four or five ton weight of slone, very easily 
without the help of horses, the motion being moderated by oieans 
of a friction-lever bearing more or less on their hinder wiieel, as 
ocf^sion requires. 

The walls ul' Bath are almost enlire ; the small circuit of ground 
encompassed by these walls is in the form of a pentagon, wilb four 
gules beside apustiTU. Without the walls is a handsome square, 
in the centre of which is an obelisk seventy feet high. The market, 
house is a large stoue building, supported by tliirly-one stone 
pillars, and over it is the lown-hall. Here is a general hospital for 
the reception of the sick and lame poor from all parts of the king- 
dom, erected iu l7Sd, by the contributions of the nobility anil 
gentry of the kingdom, aud is capable of containing one hundred 
aad £ny patients. Another new sijuare has been bnilt in lite 
gardens ailjucenl to the public walks, oa the south side of llie city, 
by the Avon, whc:e is a noble room for balls and public assemblle*. 

Wells i> situated at the foot of Meudip-hills, a hundred and 
tweuty miles west of London, and twenty soulh-west nf Bristol, 
and has its uawe from the wells and springs about the city, it i) 
but of small extent, though well inhabited. 

Bristol, called by the Saxons Bright/low, ts one hundred asd 
seventeen miles from London, partly iu Somersetshire, and partly 
in Glocestershire, but being a county of itself, is independent of 
them both. It Is divided hy the river Avon, which runs through 
it, and separates the two preceding counties, hut that part which 
is on the Glocestetshire side is the largest and most populous: 
according to a survey made in the year 1736, the circumference on 
the Glucestcrshhe side was four miles and a half, and ou ibe 
Somersetshire side two and a half. This city has a slone bridge of 
four broad arches over the Avon ; aud one of the most commodious 
quay j in England Cqi shipping aud landing merchandise. This is the 
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i city, Ihoiigh some contend, Ilie third port, m Great Britain, 

, wealth, anci number of inlmbitanU, Liverpool havirtg for 

in equnlled and at length surpassed it in commerce. 

iTOt HOT.wi^LLS are much resorted to, being considered aa 

I rousuniptive and debilitated cawi. Thev are 

e distance of about a mile from the city, on the side of ihe 

At St, Vincent's rock, above tills well, are found those 

c or rock crystals koown bj the name of Bristol stones. Near 

p tepid well is a cold :«prnig, nhicli gu;hcs out of a rock, on the 

b of the riier, thai supplies the colli bath. 

pLASTONBUKv, likewise io Su me rselsb ire, was formerly fa moHs 
> ininersl n-aters, but having been taken incauliou'^lv and iin< 
iHy, lliey are reported to Irave proved fatal to many who drank 
; )et ihey have been fo;ind serviceable in the asthma, dropsy, 

ic riiMidrj^, aud even in cancers. 
HI.TBKMAH, in Gloce'lershire, eii^bt miles tn the sonlb-eait 
, aud eiglitynJLe i'ayai Loudon, i^ cekbrsted for ir» 
ilfpbng, which b B pu^live cli.il>beate, like that at Scarb»- 
This town was rapifllj ailv.:ii.;iiii; iitio importance in 
e of having receired a visi'. fioro lijtir M jeMies in I7S6; 
c medical properties of its spring hitve varied ui repulaltoo, 
pnce of public opinioa. 

WELL, ill Fiiauhire, is famous for Saint Wikipskd's 
, ttbicb is one of the £nesl spring iu the v-orbi, and on 
It of the sanciitT in which it was held, gave name to the town. 
1 o«t twenty-oDe tons uf nalet in a minote, uhich ruoniog in 
ie of Ihe town, down tbe stile of ii hill, U made lue of by 
J liMive as it passes, aAer which it Innu several milh, is used 
at ownuiactnro, whicfa greatly ioeieiMe the populali'.n nf 
:c, and i:s neigbboDrbnod; tbe toinuhqt cootalning more 
iir tbou-and souls. Over the spmrg, vtliere ibcrc is a boAd- 
Mh, is a neat cbspel, wbiek staiMli npoa pHizis, and on the 
rs are paiitlcd the chief eveais i* St. fVimJ/red't, ut It'eme. 
'I life. About tbe Kcll|>ro>isio«»eno!a, wbidi |*eo|>Ie lovUtly 
e to be S'- Wmi'red's (i^r. Tliis &uut ii reported tu Ime 
1 matter, wbo lived m the seventli ceulurt, and a* (lie 
m r««nte<l and be^beaded in this plaoe by a paga 
; niraentoiial) risen frniH her blood. Brace 
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su well as L>y tliose «rhu came lo bathe in it fur meiJiciuiil purpovi. 
JMr, Pennant sa)s, "lite custom of vi«iting ttiis weil in iMlgrimagf, 
and ol&ring up devotions there, is not vet enlirely set aaide: in the 
summer a few are still to be seen in the water, in deep devotion, op 
to their chins for liouri, sending up their prayers, or pcrfonuioga 
number of evolutions round the polygonal well. lo the year l6&6 
James II. visited lliisA%el), and lecrived as a reward, a present of 
the very shift in which his g re at.g rand mother, Mary Queen of Scots, 
lost her head," 

Derbyshire is the county peculiarly distinguished for its rich mhiei. 
curious uppe a ranees of- nature, and salubrious fountains. Among 
the last, is Matlock's tepid spring, which issues amidst the most 
delightful tcenery, aiid is the resort of much company at the dos6 
of summer, and in the auiumn- 

Amon» the wonders of the Peak one is Tide's or Wekdsn'S 
Well, constituting one of the class to which we have already advert- 
ed tJiat ebb and How like the sea. That it does clib and flow is cer- 
tain ; but it is at very nntqiml jieriods, somellmes not in a day or two, 
aiid sntnetimes iwire in au hour. The bn9on of the spring is atMut 
a ytird deep, and the same in length auil breadth. Wheu it flewi, 
the water rises with a bubbling noise, as if the air which was pent 
np within the cavities of the rock was forcing itself a passage, and 
driving llic water before it. It is occasionally used as a restoralire. 

Tlie next woiidfr of Derbyshire, is Buxton Wells, the water) 
of which, beside their mcdiciiml use, have this singularity, that wilbin 
live feet of one of the hot springs there arises a colli one ; but this it 
not the only well of the kind, since hot and cold springs rise near each 
other in several places ui Eiiglund, and in other countries. Time 
iprings possess a le^s degree of Waimtb than those at Balb. Tlie 
water of Buxton-wells h Eulphureous, with a small quantity of saliiw 
particles, but it is not in the least impregnated -with a sulpbureou) 
acid, herce they are very pislal able iu comparison wilb otiier medici- 
nal waters. They are ealutiiry in ^corbatic, rheumatic, or nervoui 
complainlE, both by bathina; and driukiug. These waters were well 
known in the time of the Rou^ans. Besides the principal springs 
wbicli are at the village of Bu\ton, there are many otliers liiat use 
Wircgardcd iu the ucijjiibouting enclosutcs, and on the sides of tbe 
bill. 

Tbe Buxton waters create on appetite, and remove obstnicliM% i 
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Batliiiig btn K fiiuod Iworfic^l in scortialic, riieiiimlic, a 
L««pl.„.i. xiie biiiMii-^ f«t th« h-jth ma creeled in Uie t<i^ of 
Bhitn Elizabnb, bv George Eitrl t^t' SI>r(Mi[«burv t uid ber<^ Iiluj 
HblKn <tf So»h, wbeii commtllpd intn lii< cusiod}'. mided foi mimc 
PNfcf. The Diikc of DevcBsliirf, D..I Img u^o erceled a beauli- 
fij bwldJH^, in Uie form of a cresceur, uadtt wliicli are pium 
rnddiops. 

ScABBOSOrGB is a lawn in Ibe nortli rifiiag of Yorkshire, two 

iiun^irtd aud fotty one niilei tg llie twrllt of LoikIod. Its situation 

i' perfeclly TomanlJr, bring biiitt on the top of a steef* trek, iMinJiiig 

ID th« form of a crescent tu ihe main oa^a, of wbidi an sJintnt 

nliouDilfil profpecl appears from all parts. The summit af this 

■AiinUiD cnntsint no Ins ttian dghlern or Iwcaly acres of meadow 

^^round. and on Ibe u]iper purl stood a castle. The town, wliicli » 

^HhnliHUf^h ttlmosi ctitrimpjascd by the sch, and waHcd where it 

^^n> mt j«ifi to the f-aitle, or is not more strongly defended by the 

^BKd; and it has one of llie best baibours in the kingdom. In thii 

1 I«n are mineral s^prin:;', which are called ihe " Searboronjii Spd, 

I'ld it i, much resorted to for the pttr])ose of sea-bathing, the shore 

I •>«iii?*dl accouimodatcd for that purpose ; on which account pnblic 

loomifo, assemblies and trails liate been erected. Many iner- 

cknt-ihips are boill hcr^j aod lar^e contracts are made with 

E'xmnienl for the Iransporl service. The spring, called The Spa, 

vwunder the cliff, part of which fell down in December 1737, by 

"fiich the ivalen were enlirely overwhelmed and concealed for 

■"W jears, until upon rebuilding the wharf, the (alien fra^nKots 

"W rciufn-ed, and the salutary waters traced to their source; a 

fl«o»ery which eoutril)uled greatly to enliven and enrich Ihe towQ 

'" eeufral. 

H*aROWOATR, aviirage in the west riding of Yorkshire, twenty. 
""f "lilM west of the city of York, has n mineral spring of a saU 
FX'eous quality, esteemed very salutary in scrophulous coin* 
l''*h)is, ]t isniatleuse of as a bath, and is seldom tukeii intetnally. 
"I" wason of resorting hither is from M*y lo Micha«-'i-;a=, wheo 
^ "' cniiipnny are accunimodated in five or six coiuiuodi^us inns, on 
* ''caih, about a mile dibtant from the village, 

TuNBltlDCe, in Ihe counly of Kent, received its name from 
'^ ilone bridges "hieh are ihrowri over the Ci- br^nefacs of the- 
■Jeclway, of which the 7nn iione, and is seaiii^ltiiirij miJcsiooth- - 
*0U. III. N 
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«Mt by south of Loixlon. Tli» place is rennritBble for ill tMtj*- 
btaie sptingi, trhicli are four or five mil« south of tlie town, Imt 
in (he mme parish, aiitt are resorted to by the nobilily aod gentiy 
in Jutie, July, aiirf August. They are silmled for the most pirt 
in the iiarisli of Tuiihridge, between two hilU, named Mount Sioa 
and Mount Epkraim, hotli covereit with good houses, and gardens 
Rbounding in fruits. Tunbridge is likewise famous for its beauli. 
ful turnery ware. 

This spring was first discovered iu (he year I Go5, and brou;lit 
into Ectieral notice by Dudley Lord North, but no baiklini^ wen 
erected until thirty years afterward. About a mile aud a half fron 
the wells is au assL'ujblage of stupendous rocks, from forty in »■ 
veiity-iive feet high, which lesemble the hulks of large men of war, 
closely ranged, 

Epsom, iu Surrey, is a handsome, well-built town, about foai- 
leeD miles from London, Its extent is about a miLe ami a Iialf lu i 
»emi-circle, from tlie church to the tine seat at Durdaus. lis mi- 
neral purgative waters, which issue from a rising ground nearer 
Ashsled than Epsom, were discovered iu 1 61 8, anil sooa becailK 
very famous; but though they have not lost their virtue, they iR 
litr from being in the same repute as formerly ; huitevrr. the iialt 
niade nf ihem is valued all over Europe. A large quantity of 
Magnesia is prepared from ttie earth and water in this ncigbboin- 
bood. [Gough, Phil. Trans. ThomiO».1 

4. Means of analytittg Mineral or Medicinal Watert, andtjf 
determining their Principles and Properties. ' 

The first knowledge of mineral waters, like every other haaA 
of knowledge we possess, was accidentally discovered. Tlie good 
effects they produced on such as luc tliem, have doubtless been tbe 
vaitse of distjaguishiitg them from common waters. Tbc lint pfai- 
Josophers who considered their properties, attended only to their 
lensiblc qualities, such as colour, weight, or lightness, smell, ant) 
taste. Plioy^ however, distinguished a great number of walen, 
uther by their physical properties or their uses; but the inquiry 
Bf^er methods of ascertaining, by chemicnl processes, tbe qiiaotilv 
and (quality of the priuciples held in solution by mioerat waters, wu 
KotalUmUed till <lie ureuterBlh century. Bnylc b one of the finl 
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I tlje valuable experiments on colours publblied by liim at 
Isford in }C63, lueiilioned seveml re.ageiils capable of iadicalin^ 
(lissoivcd in water, by the alteration produced in tlielr 
colours. TIic Academy or Sciences, from its first inslilutioa. was 
aware of llie iiujiurliiiice of analysing mineral waters ; and DucloSt 
la iG67, lUltnipted tiie e\anniuation of ibe mineml H-alers of 
France : the researcbes of lliis clieinist may be found in tlie ongU 
nal inerooirs of this sociery. Boyle was particularly eniptoyeil in 
iutiuiries respecting mineral waters about the end of the seventeenib 
century, and publUbed a (realise on litis subject in lGS5, Boubluc, 
ui the year IJ-Zg, published a method ot aualysing; uaters, wliick 
is much more perfect than any wliich were employed before his 
day i it coiislsis in evaporating these fluids Eit different times, and 
teparalmg by fillralion tlie substances which are deposited, in pro- 
portioQ aa the evaporation procoeds. 

Maoj celebrated cLemisIs bave since made successful experi- 
nieutl on mineral kvalors, and almost every one made valuable dis- 
coveries respecting the diffsrent principles contained in these fluids. 
Bo ul cU) c dii covered natron, and determined its properties ; Le Roi, 
physician of Monlpellier, discovered calcareous niuriat ; Margraaff, 
Ibe iiiurlat of magnesia; Priestly, carbonic acid ; and Monnet and 
Bergman the snlplturaled or hepatic hydroueu gas. The two last 
men lioneil chemists, besides the discoveries with which they have 
enriched the art of auulysiug waters, have published complete trea. 
tises on the method of proceeding in this analysis; and have car- 
ri«d Ibis part of ciiemisTry to a decree of perfection and accuracy 
far exceeding that which it possessed before the time of their 1h> 
bours. We are hkewbe in possession of particular analysis, made 
by very j*nod chendsis, of a great number of mineral waters, and 
wtbicb serve to throw gre.at light on this inquiry, which, with Jus. 
ticc, is esteemed one of the most difficult ip the wliole art of cbe- 
mislf^. The limits here prescribed do not permit us to ^ler at 
Itrgc into the history of the anntysis of w»ler«, which may be found 
in mnny treatises, especially one lately published by the celebratecf 
Dr. Saunders. 

Princtplef cojilaincd in Mineral W,j/err.— Itis but a fewyeara 
■Vice llie substaiiiescai'able of remaining insolulion in waterhave 
been accurately known. This ap|>eurs to have aiisen fr«m the want 
nf exact cheiuicid uiclhodi of Uicerlainin^ the nature of tliese inb* 



1 



MSBccs i and tbe eertmtj of tbdr nisteBc« Itn ulnnlly foLTSttrvij 
tlw dbccwrjr of taeibods of ascertainin;: Ibnn. Another vranw 
wbidi has rtUrded Ibr pro^^re^ of sdence ia tbb mji^ct i; 
Biiaenl nailcn dtBoJfcd in •raicri, are almosl alnajs in verv' siiiiB 
Aoies, 3Di] are alM miied together ib coBsi(l«rabtc numhcrt, ^o % 
thty mutually tend to conctal or all«r those profwrtks in «vlw|i 
iheir tlutinclive cbaraclen consist. Nevertheless, the nunscmti 
fxperioicnt! of the cbenibTs before tjuoted, and a great nuii»l»^rsl 
olben, which we sliall occasiooall; mention, ba^e ^own, (b»t !*^m 
mineral inhstances are oAea found in waters, others scumlv «=>" 
met wilb ; andla&tly, maajnhtchare neverheld in solutionby ''"' 
fluid. We shall here con^der each c1as« of these substancr-^ " 
order. 

Siliceous earth is sometimes ras])ende<l in waters ; and as il i^ 
a fttate of eilreme division, it remains suspendrd without pT«^4 
ting , but its quantity is extremely minute. The carbonated xlW 
aiid cha lie probably conlrihiite to render siliceous eartii soluble. 

Alumiue likewise appears to exrsi lu water. Tlie extreme 
tlely of this earth, by which it is dispersed through the whole 
Af water, causes it to rentier them turbid. Argillaceoos tvaten 
tlierefore whitish, aud have a pearl or opal colour ; ihey are li 
wiwsmoolb, or greasy lo the touch, and have been ra,Ued saj 
ceoua waters. Carbonic acid teems fiivourable lo the suipeiuJM' 
and solution of alumiiie in water. 

Utne, magni'sia, and hiryles, are never found pure in walen 
they are always ccirabrued with acidi. 

Fixed alkahs are never met with in a state of puritv in wnltis 
but fretjuently coinbjiied wilh acids, In thu form of neutrnl salts. 

The laine ohserviiliou applies lo aiomuniac, and most acids, ei 
cept the carbtmic acid, which is o1>en free, and in possession of al ' 
id pTopertiei in waters. It constiliiles a peculiar class of minen 
wuterf, knowu by the name of gaseous, spirituous^ or aciduloua 
WBteri. 

Among Ihe neutral suits, wilb basis of fixed alkalii, scarce!; 
arc met with hut sulplidl of soda or Glauber's salt^ the muriit 
of loda, and of potash, and tvirbonat of soda, which are frequenll; 
diisolved in niiucral waters; nitral and carbonat of potash tr 
rarely found. 

Sulpbat of lime, oalcareout uuriat. chalk, sulphat of maguenC 
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or Bpiom $aU^ nwraf of magocsiai, and cariMMOl of mMgoom^ 
aictbe carlhj sdts whick are Most cobubooU foondin vatcn. As 
to ibc calcareous nitiat^ and aitiat of Bogoesa, whidi sone che. 
iHiti kiTe asserted tbr} hare met with, these salts arc scarcelj crer 
SmmmI itt mioeral ivateis jvoperlj so called, tbough tbcj cxi>t in sak 
vatos. 

The almainoiis aeatral salts, awi salts witli base of barytcs^ are 
Marcelj erer dissolved io waters. Aiam or add SHlphat of ale- 
Me, appears to exist io sonie waters. 

Put hydrogen gas lat aot jet been fomnd dbsolTed io mioeral 
viten. 

^le salpliiir has not jet been fboiid ia these fluids, thoi^ it 
*^ verj rarelj in small quantities in the state of salphnie of scMh. 
*Hpfauftoas waters are nmst comaoolv ouneraliaed bj sulphurated 
^VdiogengaSb 

^■stlj: AflMm^ Bsetaky iron is most eemmoohr Anolvcd in wafer, 

'^Aiaj be found in two states; either combined with carbonic 

*^» or with the sslphuric add. Some chemists hate supposed 

^*tt it was likewise diswived iu its metallic state, without an acid 

*"llM.diam ; but as this mctd scarcehr ctct exists in nature with. 

^^ t^iog in the state of oxjd, combined with the carbonic or sul- 

1^'''^^ acid, the opinion of these phil<j«opliers could oolj be main* 

^*^^ at the time when the carbonic arid was not jet diKorered ; 

^^ ^Ise solutioa of iron in water, without the asM^tance of the sul* 

acid, could not otherwise be accounted for. Bergman 

that iron, as well as manganese, h found in certain mzXtt%^ 

''^iMiied with the muriatic add. 

^^X^d of arseuic, and the ^oiphats of copper and idnc, which 
^'^ in many waters, communicate pouoiious properties to them, 
^^ show, wheu discovered bj analjsis, that the use oi such waters 
VQit be carct'ul!j avoided. 

^ost chemists at present deny the existenee of bitumen in srittrf : 
h £ict, the bitter taste was the cause whj wafers were formerly 
^spposed to contain this oily substance ; but it is now known that 
Ikis taste, which docs cot eikt in bitumen, is produced by the cal- 
csreous muriat. 

There is no difficulty in cocoeiviag how water, which percolate 

through the interior parts of the globe, and etpectally throngb tiie 

«M>iuitaios» may hccomt charged with the difirreut Hibstaiieef ire 

%3 
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have enumerated. It is likewise clear, tliat according to the natnre 
and extent of the strata of earth» through which they pass, inioe<* 
ral waters will be more or less charged with these principles^ and 
that the quantity and nature of these principles must l>e suhject to 
great Tariations, especially when we consider tlie changes in the 
direction of their course to which these fluids are liable from the 

various alterations which the globe uudergoeS| |mrticularly on its 
surface and its more elevated {nirts. 

The different Classes of Mineral Waters. — It appears from 
vhat we have already observed respecting the difierent substances 
usually contained in mineral waters, that these fluids may be-classed 
according to the earthy^ saline, and metalic substances they bold 
in solution ; and that the number of classes, on this principle, 
vouM be very considerable : but it must be obser\'ed, that uod« 
of these substances are found siuglc and alone in waters ; bat, on 
the contrary, they are often dissolved, in the number of three, four, 
five, or even more. This circumstance creates a ditHculty io the 
methodical clashificatiou of waters, relative to the principles tint 
Ihey contain. However, if we attend to those sulntances which 
are the most abundantly contained in waters, or whose properties 
are the most prevalent, we shall be able to make a diktinction, 
which, though not very accurate, will be sufficient to arrange tbesi 
duids, and to form a judgment of their virtues. Clienilsls who 
have attended to mineral waters in general, have availed themselves 
of this meth#il. Mormet has established three classes of nnueral 
uaters ; the alkaline, the sulphureous, and the ferruginous ; atui 
subsequent discoveries have enlarged the number of classes. Du- 
chanoy, who has publi:)li'ed a valuable treatise on the art of imitat- 
iug mineral waters; distinguiJies ten, viz. the gaseou?, die alkaline, 
the earthy, the ferruginous^ the simple hot, the gasrous thermal, tlie 
saponaceous, the sulplmrcous^ the biluuiinous, and the saline waters. 
Although it may be urged as a reproach, that this nuSlior has 
made his classes two numerous, since llio pure gaseous and bitu- 
minous waters are unknown ; yet his division is doubtless the most 
complete, and gives the nio&l accurate k\va of the nature of the 
different mineral waters, and consequently is the best suited to hJs 
subject. We shall here propos'c a divi-sion less extensive, and in 
ppr opinion more methodical, ths^n that of Duchanov ; at the same 
time observing, that we do not consider simple thernial waters 3^ 
jjjJDer^l water?', because ihey ccLsibt nuiely cf L^ulcd water, at' 
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c*(ding (o the best cliemuts ; and lliat we shall not speRk of bir. ^ 
luiiiiiinu^ waters, becau^ none such have beeu jet found. 

It U)i|*rars to us, lliat all uiiNenil waters may be arranged in four, J 
classes, vu. acidulous, saliue, lulpliureous, and ftrruginous m»-* i 

jicidiiloms IVaterg. — Gaseous waler*, tvhkh may uilh uiorA I 
(wopricly be called acidulous waters, arc those in wliicli tlw caibor ^ 
mc add (jredoiuiuales ; ihejr are known by their sharp taste, 
the facility with which they boil and alTord bubbles by simple agi* 
tation : they rcilden the (tndntc of ttirnsolc, precipitate lime wi 
and alkuliiK sutpUures, As no waters have yet been discovered 1 
which contain this acid purcund alouc, we think this class may b« . 
«.'ivided into several orders, accordhig to the oilier priniiple'' t 
laiiied iu them, or the modi heat ions lliey exhibit. Tliey all appear i 
%o coulahi more or less alkali and calcareous earth ; but llieir Ait- i 
fereiit degrees of heat aBbrd a good criterion for dividing tlieuiinto 
two-orders; the first might comprehend ccdd, acidulous, aad alka- 
line waters, such as those of Seltzer, Sainl-Mywi, Bard, Langea^ | 
Chaleliloti, Vals, &c. in the second might be placed, hot, or thrr* 
Biul, acidulous, and alkaline watets, as those of Mount D'Or^ , 
Vichy, Clialelguyon, &c. 

Saline or Halt U'atert. — By the name of saliue waters, we un. 
derstand such as contain a sullicient quautity of natural suit to act 
stronfily on the animal economy, so as must commonly to purge. 
The llicury and nature of these waters are easily discovered ; th^ 
^rfectly resemble the sulutious of salt made in our luboratories ; 
but they almost always contain two or three drflereni species of 
sails, 'i'he suIpUat of soda is very rare ; sulphat of magnesia, 
Epsom salt, marine salt, or muriat of soda, cnlcareoUE and mag- 
"nesiaji muriats, or the saline principles which mineralize them, either 
together or se)>ar<ite. The waters of Sedliz, of Seydschnt:, and of 
Egra, abound with Epsom salt, frcqncnily mixed »ith muriat of 
■iBguesra. Those of Balaruc contain muriat of soda, chalk, and 
the calcareous and magnesiau muriats ; those of Bourbonne, mnriaL 
«fsoda, sulphat of lime and chalk; and those of la Mottic conluin 
mnrial of soda, sulphat of lime, chalk, sulphat of magnesia, muriat 
of magnesia, and an extractive matter. It nmst be here ubsert-d 
that salts, with base of magnesia, are much more common in waters 
tliati has hitherto been supposed ; and ihut few analyses Lave yet 
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been made in wbich they have been well distiagoished from cilca* 
reous niuriat* 

Sulphureoui Wafers* — The name of snlphureous waters bas 
been giTen to such mineral waters as appear to possess some of the 
properties of sulphur ; such as the suieil, and the property of dis* 
colouring silver* Chemists have long been ignorant of the true mi- 
neralizer of these waters ; most have supposed it to be sulphur, but 
they iiever succeeded in exhibiting it, or at least have found it in 
Quantities scarcely perceptible. Those who have made experimeati 
OD some of these waters have allowed them to contain either sal- 
phure6us spirit, or an alkaline sulphur. Venel and Monnet are the 
first who opposed thb opinion; the latter^ in particular, nearly dis- 
covered the truth, wheu he considered sulplnireous waters as im- 
pregnated merely by the vapour of liver of sulphur* Rouelle the 
younger likewise affirmed, that these fluids might be imitated by 
sgitating water in contract with air, disengaged from an alkaline 
sulphure by an acid. Bergnlan carried thb doctrine much farther, 
by examining the properties of sulphurated hydrogen gas, he has 
proTed that this gas mineralizes sulphureous waters, which be there* 
fore called hepatic waters, and has directed methods of ascer-* 
taining the presence of sulphur. Notwithstanding these discoveriesi 
Ducbanoy, speaking of sulphureous waters, admits of sulphur, 
sometimes alkaline, sometimes calcareous, or aluminous. He fol* 
lows the opinion of Le Roy of Montpillier, who proposed a sut* 
} j:ure with base of magnesia in imitating these waters. It appears 
ill fact to be true, that there are waters which contain a saiaU 
quantity of sulphur, while there are others which are mineralixed 
only by sulphurated hydrogen gas. In this case it will be uecessary 
to distinguish sulphureous waters into two orders : 1. Those which 
contain a small quantity of alkaline or calcareous sulphur ; and, 3» 
Tliose which are only impregnated with sulphuric hydrogen gas^ 
The waters of Bareges and Cauterets, and the Bonnes waters, ap« 
pear to belong to this first order; and those of St. Amant, Aix la 
Chapelle, and Montmorency, appear to belong to the second* 
Most of these waters are thermal, but that of Montmorency is 
cold. 

Ferruginous Waters, — Iron being the most abundant of me- 
tals, and the most susceptible of alteration, it is not to be wondered 
at that water easily becomes charged with it, and consequently that 
the ferruginous waters arc the most abundaut and most comuioa 







185 

aters. Modem cliemhiry hns tliroivii great light 
fUi lliis cl'dM lit' waters ; they were tbriiiurli^ iJup|>ose(l to be all itii> 
pre<;i»il<:<t ivilh sult>fii)t u( iron. Mnnnet lius aKurtuined that most- 
wftli<fin ilo not coniniii llin Bait, »nd lie ^iipposed l)mt the iron » 
di^wilvcil tvithout llie ijileniicdiuiu of mi iicid. It is »l preaeot' 
llint the iion is muI in (lie sidle nt'sttljthat, liiit is distotved 
J9 uf the caibouic uciil, and forms llie sail which we Itave 
'called cai'buiiul <>l' iron. L:inc, Roiiellc, Bur<;m»n, and manj 
oilier chuiiitslj, have put tlij^ uuC uf doubt, 'i'lie grtrattr or len 
qtiuutily of carbonic acid, and lite slate of the iron in wHlers of thii 
kind, lender it iicccs^ur^ Iv dlilinguish Ilie proent class ioto tlirea 

Tile first order t:oni))rthnKt; tnartiat aridnlous waters, in nliicl^ 
^ ifuii is held in snlmiuii i>y the carlionie acid, Hhosesui^nibund- 
:wice renders llieni brisk uml aiibiicid. The wutera of Bus>;iiig, ' 
rviniuiit, Pouliou, und La Doniinifiiic de V>il!i, are of this flrrt' 



e second contains simple inartiul wnrers in ivliich llie iron ik 
dissolved by llie earbouic acid, without excels ofthc bller. Thei^ 
walen cou)>ei|neii(lyuren<it acidnlona. The water uf I'nrges, Air* 
mik, and Cuiulu, us well a^ the ^realerimmber of ferrn<^Diw' 
mUrs, are of tins order; this disliiictioii ol ferruf;inotis waters, 
WHS made by Ducliaiioy. 

Rut we add a tliinluider, at\er MoiincI, which is lliat of water* 
onluiiiiiig sulpiiat of iron. ThoLigli theae are extremely rare, yet 
Oine uf tlieiii are found. M»nnet lias pluced llie wuters of Pussy 
■ lliijforder. Upoi\ ailniiis the sulphate of iron, even in a cun. 
Iderbbleiiiianlily.-iu tile waters of Provins. Il is Iriie, ihat D« 
Vourcy denies its e\i»teace, and considers the iron of these water*- 
» dissolved by carbonic acid. Hut uo decisiou can he made re* 
^peeling tltii Biib;rct, because the results of these el le mists entirely 
<liKi<>rev-, and rei|uire new experiments to be made. It munt be- 
■dded, lliui llie ium is not found alone in these wdlert, but is mixed' 
Mith eliall., sidpUut nt' lime, various muriatic sails, &:c. However^ 
» llie metal lliey cimtaiu is the principal basis of tlieir properties^ 
Ibi-y must lie called leiritginous, in eonfurmiiy willi the principle*. 
we have laid iluwn. 

As to the sypimaceous waters admilled by Duclianny, we must) 
i aiid luwlital axpariiuciria 'bate naceHBiued till 



16S SPRINGS). MTSBS) CAKJiLS, tJk%E^ 



of tlieir tapoiiactous property, ^rbicb this pbysician attfibiile^ 
itt> alamiifte ; as well as the eAeeU tliey may produce io Ibe anitiial 
ccottoiny, as mediciaes, by virtue of this property. 

From tliese details we fiud» thai all niiueral aiid loediciiial wa. 
Um aw divided iiilo nine orders, via. 

Cold acidulous waters. 

Hot or tUermal aeidiiloos waters. 

Suipliuric saline watcra* 

Muriatic saliue water». 

Siiuplesulpluureous waters^. 

Sulpliuf ated gaseous waters. 

Simple ferruginous waters. 

Feiri^giBous and acidulous waters. 

Sulphuric ferruginous waters* 

' iSxamiaaii^n 0/ Minetal Water$y aceording to their P%« 
skmi Propertiei.-^^der having shewn the difterent matters which 
any be Ibuod in waters, and exhibited a sl^ht sketch of the method 
§1 which they may be divided into classes and orders, according to 
f heti' principles, it will be necessary to mention tlie methods of aua« 
lysing them, and discovermg with tlie greatest possible degree of 
wciuracv) the substances they Iiold in solution. This analysis has 
teen justly considered as the most difficult part of cliemisiry, since 
itie^res a perfect knowledge of all diemical plicnomena, joined to 
the habit of making experiments. To obtain an accurate know, 
kdge o4 the nature of any water proposed to be examiued, 1. The 
situation of the spiing, and the nature of the soil, more especially 
with re9|>ect to niiueral strata, must be carefully observed ; for this 
purpose, cavities may be dug to different depths, in order to disco* 
ver, by inspection, the substances with which tlie water may ba 
charged. 2. The physical properties of the water itself, such as its 
taste^ smeU, colour, transparence, weight, and temperature, must 
ne:U )>e exaaimed ; for this purpose, two thermometers^ whi«:h per- 
fectly agree> and a good iiydrometer, must be provided. These 
preliminary experiments require likewise to be made in the dii» 
£c^rent seasons^ different tiutes of the day, and especially in different 
states of the atmosphere ; for a continuance of dry weather, or of 
aibuiMlMi^ T^i, has a singular influence on waters. These 6rst trials 
vfiuaHy show iIh? class to which llie water under exai%u^tiou uuiy 
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hf referred, and direcl llie mclhoi) of anulvsia. 3. The depoai. 
lions ibruied at liie boltoin of the ba^ou^ tlie subalaiicet whidi 
tioHt on tlie water, sud llie ontKcts wliicli rue I>y sublimation, 
-fomi likewise mi ubjeol of in]|MHaiit research, wbicii mual not be 
neglected. After ibis preliminary eKaniiiialiou, Ibe projKr aiialj>9iir 
may be pnweedtd on, wbicb i^ umde after three uiethods, by 
u^eiils, by dislilbliou, aud by evapomilon. 

T/te Examiarition of Mineral IVii/eri, bi/ Re-a^enis. — Tli 
6til>s( antes, wtiidi are iiuxod widt waters, in ordtr to dUcover 
iiutiire of lite bodies, held in solulion by micIi waters, from ihe {i 
iiuiuviia Ihey ]iic!«ul, arc culled reagents. 

Tlie best vlieniists have always coiisidetcd (he use of Te.agmto 
3s a Tciy tmcerlaiti nielbud of diseoveriiig ibe principles of mineral 
ivalert. Tliix opiiiiuu is t'oHiided ou liie coosideraiions that ibeir 
elTet-ls do liol delefmine, iti an accurate uiamier, tlje uuliire of tbc 
siibslaitces held in sniulioii in waters; lliat the cause of tliechaugea 
which hapj>en iu Huids by their adilili«itiij otteu uukuoHn: and llwt 
ill fact, the siiline uiatlcrs usually applied in lliia iiiialy^i* are capable 
ni* producing; a great tiuiuber of plienonieiii), re^perting' whlHi itv 
vfteii ditbcuK to tiirni auy decisiuu. For ibesc reasons, iuoU<:be. 
umls tibo bare underluken Ibis analysis, have placed lilUe dejicud- 
«t(cc on Ihe ap|>licalii)n of re-agenls. Tliey hnve fuucludcd, liut 
vvapnrullon atlurds a murh surer inclliod of aHcerlaiiiing tlie iialutf 
and quanttly of (he principles uf iiiiueral waters ; aud it is takeu fur 
grained, in Ihe best works on ibe aualysis of ilic^ fluids, thai re. 
Mgents are unly to be used as secoudury iiieuiis, which at most serine 

. <lo intttcale or afford a probaljle (juess of tbc natare of the priuci. 
)tl« contained in ualers;«ud fur this n^asoii, modern analysts 
Lave admitted iin more than a certain iiiauber of re.ugents, aiul 
liuve greatly diiiijnisLed the list uf ibuse used l)y ibe earlier cbo 
«ii sis- 
Gut it cannot be dotilited Ht present, that the beat retjuirtid (A 
evaporate llic ualer, howeier (■eiille il may be, musi produce sen- 
tiblc alleralioiis in ils {winciples, and change ihein iu sucii a luatiner, 

-w Ibat their residues, ckainiiied by liie diffurcnl methods ql' cbe- 
niistry. shall alfurd compounds ditltring from lliose which wbi© 

■ originally held in solution in ihe waler. The loss of tlie ga-eous 
•ubitaiice!, which t'refiueiilly are the principal agetilii iu mineral wa* 
ten, tingttlarly ch^n^s their uatiire, and heijiks omMii^ a piecij^n. 
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tatioD of tnaoysub^faue^s, which owe tiieir solubility to the presets^ 
of these Tolatile matt ers, likewise produces a re-act ion among the other 
fixed matters, whose properties are accordingly changed. The phe« 
Romena of dotible decompositions which heat is capable of pro- 
during between compounds that remain unchanged in cold water, 
cannot be estimated and allowed for, but in consequence of a long se- 
fies of experiments not yet made. Without entering, therefore, more 
fully into these considerations, it will be enough to observe, that 
ibis assertion, whose truth is admitted by e\ery chemist, sutii- 
riently shows, that evaporation is not entirely to be depende<l oii«^ 
Hence it becomes a question, whether there be any method of aa-^. 
certainiog the peculiar nature of substances dbsolved in water with..^ 
out having recourse to lieat ; and* whether the accurate results of tlko 
nuiueroos experiments of modem writers afford any process tor cor« 
llNrtiug the error which might arise from evaporation. The follow, 
ing pages extracted from a memoir communicated by M. Fourcroy 
to the Royal Society of Medicine, will show, tl»t very pure re- 
agents used in a peculiar manner, may be of much greater use iii 
the analysis of mineral waters than has hitherto been thought. 

Among the considerable number of reagents proposed for tlie 
unalyHis of mineral waters, those which promise the most useful re- 
sults are tincture of turnsole, syrup of violets, lime-water, pure and 
caustic potash, caustic ammoniac, concentrated sulphuric acid, ni. 
Irons acid, pnissiat of lime, gallic alkohol, or spirituous tincture 
'cf nuf.galls^ihe nitric solutions of mercury and ot silver, paper co- 
loured by the aqueous tincture of fernanibouc, which becomes 
Uue by means of alkalis, the aqueous tincture of terra meritUn 
which the same salts convert to a brown red, the oxalic acid to ex. 
hibit the smallest quantity of lime, and the muriat of barytes to 
ascertain the smallest possible quantity of sulphuric acid. 

The ejects and use of these principal re-agents have been ex- 
plained by ail chemists, but they have not insisted on the necessity 
of their state of purity. Before they are employed, it is of the ut* 
most importance perfectly to ascertain their nature, in order to avoid 
fallacious effects. Dergman has treated very amply of the altera* 
€ions they are capable of pruducing. This celebrated chemist 
^fhrms, that paper coloured with the tincture of turnsole becomes 
4)f a deeper blue by alkalis ; but that it is not altered by the carbo. 
flic acid* But as this colouring matter is useful chieily to aKeitain 
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fhe pre^pncv of this aciH, be directs its linclure in water to be used^ 
suflicKnIly diliileH, till it has a blue colour. He al>solutely tejecta 
syrup of violets, because it is sciliject lo firmept, and beciiuse it it 
■carcely ever ohtaiiied without aiiulteratinii ia Sweden. Morveaa 
adds in a note, that it is easy to distioguish a $)Tup coloured by 
liini^ole, by the apfilicaiion of corrosive sublimate, nhicli gives it • 
fed colour, wliik t( converts the true syrup of violets to a green. 

Lime-water is one nf ihe most nselul ngents iu the aiialysis nf 
niitieral iv>it<frs, though fevr chemists liavc expressly meBlioned it is 
their work*. This fli>id decomposes metallic sails, especially snjpiat 
of iron, wliose metallic osyde it piccipitutes; it separates alumti)* 
■ud nui^nesia from the sulphuric and muriatic acids, lo wliidi ihew 
eub«lances »re fre(|uenlly united in waters. It likewise md«cat«* 
Ihe )iresence of caibouic acid, by its precipilatinii. M. iitoaiiet^ 
a physician of Turin, has very ingeniously Applied it lo ascertaiil 
the quantity of carbonic acid conlaiued in the water of St, Vincents 
Tiiis chetnisl, aflcr having' observed lltal ttie voluuie or bulk of 
(Ilia acid, from wliicb its quanlily has always been estimated, nuist 
*ar;, arcnrding to Uie temjwraiure of \he almosplicre, mixed nine 
parts of liFne-waler with two partii of Ilie ivalir of Si. Vincenl : be 
wig^eii ihe ealrareoHs earth formed by the contbinalion of ibe 
%«rbo»ic arid of the niiiitTiil water niiti lime, uiid tbund, arcording; 
to the calailniion of Jiuinin, who proves llie existence of ihirlee* 
'^aiKci of tilts acid iu tliirly-lwo ounces of chalk, ibat the watei of 
St. Vinceot coulaineil somcivhat more than fifleeu grains. But » 
Wte lime-water may seize the carbonic acid niiiied with llie fJKed 
klkali, us well as that which is at liberty, M. Uioaueiti, to ascertain 
more exactly the quantity of tliis last, nuide the snme e:i|)eninenC 
with water deprived of its disengaged arid by ebiillilinn. TIib 
ftrncest may therefore be employed to delvrniine, m an easy bii4 
, iKcurale manner, llie weight of disengaged Ciitbouic acid, 
^incd in « «aseous mineral water. 

' One ot the principal reasons which have induced cbtmistsl^ 
innsider the action of reagents in the analysis of mineral voters MrM 
^ery fullacinus, it, that they are capable r>f indivuiiug several tliCJ 
.Yerent substances held in snlurion in waters, and tli.it it is then vutj^l 
idilHrnIt to know exaclly llie tffects ttiey will produce. *1 
\-ation relates more e!|)eeiali;t to \v i^ish, considered as a re.n^enl^ J 
•♦wBiwe it dccoapoiciall Ihe «Wn>bi«h wp tttiMi hy thc4iniq^J 
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of aciHi will) alumine, magnesiH, Itme, and melaU. Wlien 1)ih 
kali prH;i(iilBte4 a minewl waler. iC cannoF, therefore, be knnwn hf! ' 
nn])ile intpeclion or tlie iirecipilale, of wliRt naliire the etirtb^ salt 
decomjinseii in the cxpprimcnl may be. Its cfiVct is still more un- 
certain, when the alkali made use uf is saturated willi carbonic 
acid, as is most commonly llie case* since tlie acid to nliicli it is 
united, augments the conl'usiuii of eflects .* for tliis reason, the use 
of very pure caustic potash is propnsvi), wliich likewise possesses an 
advantage over the eflervescenl alkali, viz. that of indicatiii<; the 
presence of chalk dissolved in a gaseous ualrr, by virtue oltbe su- 
perabundant carbonic acid: for it seizes tliis acid, and the chalk 
Jails down of course. This fact is established by pouring soap leu 
newly made, into an artificial gaseous water, which holds chalk 
in solution. The latter substance is precipitated in propnrtion w 
Mw caustic tixed alkali seizes the carbonic acid which held it id 9d1u> 
tion. By evaijoraling the filtrated water to dryness, mrbroat af 
a«da is obtained, strongly effervescent with acids. The caintie 
fixed alkali likewise occasions a precipitate iu mineral watery 
tbuKgh tliey do not contain eailby salts; for if t bey contain an alh>i> 
line neutral salt, of a leiis soluble nature, the additional alkuli will 
precipitate it by uniting with tlie water, nearly in the same mauner as 
«lkohot does. M. Gioanetti lias observed tliis pbeuoinenon in llic 
waters of St, Vincent ; and it may easily be seen by pouring caustic 
^kaiiiuto a solutionofsulpbat of potash, or muriat of soda; theje' 
two salts being quickly precipilaled. 

Caustic amaioiiiac is in general les^ productive of error when 
mixed with mineral waters; because it decomposes only suits, witb 
base of alumine or magnesia, and doe» not precipitate the c&ica- 
reous salts. It is necessary, however, to make two observations 
respecting this tall : the first is, that it must l>e exceedingly caustic^ 
or totally deprived of carbonic acid: without this precaution, it 
decomposes calcareous salts by duuble ajlinily: Ibe second is. that 
the mixture must not be left exposed in the air. when the effect of 
its action is required to be in9|Kcled several hours after ii is added; 
because, as M. Gioanetti has well observed, this salt in a very sbnrt 
time seizes the carbonic acid of the alniotphere, ami becomes ca- 
pable of decomposing calcareous salts. To put tlfis important fact 
out of doubt, Fuurcroy madf three decisive expcriuieuts ; some 
eraiu» of sHlpkit »£ liioet tonoed of Iianspareut calcilreo«t« 
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-feecaose dialk, or Rpaiiisli nliilc, <rotit«iiii magnesia ami rivrr wnlM': 
lie divided IImh sdiition tnio tuo paria i Into ihe first 4ie jmiirfila 
■few tlrvfta of very pure stil)i|iuric ariit, recently made, and v«^ J 
«Eauitic: litis Le put iiuo a wcll-clowd bottle : at lh« end «f tvnrirt^ I 
ifouraud forty-eight Ijnnrs it was clear and Iransparent, willinot ^n^ ■ 
prrcipilate, and tberefi're no decomposilionliad taken place. Tlil ■ 
jKfoud tmriion «as Irpaleit in tlie same manner wiiii aniiiinniHr, hH I 
i|)laced Ml a vessel wljicii coiumunicaled wilfi llic airli^- » Im^c Bjidf- I 
(ure : at ^Jie end of a few hours r cloud was formed near liicnjip^t 1 
Witface, wki<fe conlidtially increased, and wai at tiut prcripireied M I 
llie bottom. Tliit deposition effervesced stroiifily with «ul)^rTnfc I 
acid, and formed sulphal of linie. The carbonic arid contaiiiril h I 
tbia precipitate was lliurcfore afforded by tlie uuinioniae wliidi InA I 
Hltractcd i( from ll)e aliuoxphcre. Tliia combination of mboT^e I 
acid and ammoniac form* anmioiiiacal carbonat, cnpaitle of <tecoiril J 
p(MiB|>cBlcHieon» sails by double afiiulty, a^ Blarli, Jacquhi, Mil | 
inany other diemists have Uionij, and as may be eatily proved ty 1 
f onring a soliitinn of ammoniucul carhonut inta a sokriioti fit «ttL I 
9hat of liiiiF, wtiicli is not renderetl tiirbiii by cnnstic ammoiiiML m 
I.astlyi (o i-vndcT the liieory of tins second vxpcriinent clniN^'l 
J'ourcroy took the first portion 1o whicb llie cnuslk ummoniac "liMII | 
ibeen added, and wliicli, having been kept in a clo^e vessel, (latl Ml I 
jm parlof ita tfamparency. He reversed llie bottle which eontainfli I 
it, over u fuouei of a very small pDetmiutocliemicnl u|i|raialtis, nnfll I 
by the assistance of a svphon, pasted into it carbotiic acid gas, 4i*> J 
engaged from the effervescent fiiced alkali by ttdplmric acid, |« I 
proportion as tbe bubbleii of this acid passed ibren^ Hm niirtm^ ■ 
it became turbid in the same manner as bme-water; ^fy fdlnilioNii I 
Itrccipilate was sepiirated, u hich vtai found to be chalk, and the «»• I 
ler, by evap(irati(;ii, aflorded amiv>uiacal lulplial : gH!«nn! watM^'l 
ot tbe liquid carbonic acid, produced tiie same composiliuiiTn iio«<t I 
llwr mixture of sulphat of linte, and cuiMtic ainmoiiiHC. TIris 4»a I 
cUive experiment clearly tJiows, that amiiioniHc decompotes sulpiiM J 
by double afiiuity, and by mean« of tbe carbonic aei4i I 
rve Bce, tliat when it i« reijuired to preserve a niixliire«f ttM 1 
mineral water with ammoniac for several hours (whicli is sotiietiMM 1 
necGMHryi because it AoGt not decompose certain earthy sake, h^M 
very slowly), llie experiment must be made in a vessel wlikk canHvl 
acciinrtely dosed, in grdet to pwvcnt tin cgnlact »f air. wliXj 
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wuuldfuloi&tbe re^ull, TliUprecaulion>«liicli iiof (E;reat importsncp 
in (lie use of all Tc-3<;eiils, in likewise mi'iUion^ Uy Berginan uuA 
Ginaaelli. To these iiiuy be added anuilipr iibservaiiim concerning 
llie us« of aiiiniaiii;ic. As il i% a matipr of contidernblc difficult; 
to preserve atumoniac tii the slate of perfect ciiualicily, though it i^ 
arceasatj to be hntl in siicli a stale, fur llie analysis nf iiitncrat 
«-aten, a. very sin)i>le expedient may be applied in tliit caw. 
It i»Io pour a small quatitily of amumuijx: intnarelorti whose neck it 
plunged in tlic mineral wiler; wbeii Ihe retort is nligbtly heated, llie 
smmoniacal ga« becomes discngageilgnud passes highly caiilic into the 
waier. If it occasions a precipitate, it may be conclurled that the 
Biinerdl water coiilains sutpbat of iron, wliicli lAay be kiinwn by Ibe 
colour of the precipitate, or otlivrwlse tlixt it contaius wits, with 
base of aluminous or magiiesian earth. Generally tliis precipitate 
fft forraed by tbe chalk which was held in solution in Ihe water, by 
means of the carbonic acitl; annnuiiiac absorbs this acid, and the 
cbalk is deposited. It is difficult lo determine from (lie pliyskat 
properties of tbe earthy precipitate formed in » alers by cnuslic am* 
niouiac, to which of llie two last bases it is in be allrihuted ; yet 
the manner in which it is funned inuy serve to decide. Six grains 
of Eulphat of magnesia were dissolved in fourouuctis of distilled wb> 
teri and sis grains of alum in an eijual quuniity of Ihe same fluid ; 
through each of these solutions a small quantity of animoniaotl gas 
was passed i the first solulinn immediately became turbid, while ihe 
latter did not begin to exliibila precipitate till twenty minutes alter. 
Tlieee mixtures were carefully included in well closed botlles. The 
■ame plietiomeuun look place willi the nilrais and muriaU of map 
nesiu and alutniue, dissolved in eqnal quantities of distilled water, 
and treated in thesaiue manner. The quickness orslnwneis of the 
precipitation of a mineral watec by tlie addiliou ut' annuuniacat gas, 
ttierefbre affords the meaiu of asccrlaiNing the nature of the eiirdiy 
.salt decomposed by this gas. In general, sails, with base of ma*, 
nesia, »re mudi more usually met with Hum those wilh base of alu- 
minous earth. Bergman has observed, ihal ammoniac is cupalile of 
forming with sulphat of magnesia a compound in which a portion of 
this neutral salt is combined, w il liout decomposition, with a jjorlioa 
of amninnbcal sulphat. Tlii^ oon-dccomponed portion of su)> 
phat of magueaia may probably form, wilh the ammoniacal sulpha^ 
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« mixed neulnil salt, similar to llie nniniotiiitco* mercurial KturiBt, 
or 10/ aiembroth. Tl»e ainmoniac does nol, Iherefore, preHpiUle 
the whole of tlie inngnesia, ajid c(inse<|ii<;nlly does nut accumtely 
exhibit llie quantity of Epsom sail, of wIjicIi that earili i) ilic base. 
Fof Ihis reason linic.WKlrr is prel'erjble for ascertaining the nature 
>t)d quantity ot' salts with buse nf magnesia cnnlaiiied in mlnfrul 
yiitcn. It lias likewise tlie prn))crty of prcdpitalJng the Mitts vtilli 
' I ilumioous ba»e nmch more abundaotly and readily lliai) aiumoniacHl 
gas. 

The concentrated sulphuric acid precipitate? a wliile powder 

from water wliicb contains barytea, according to Bergman ; but, lu 

^esime chemist observes, tbat this eartb is seldom found in mine* 

hlualers, it will not be necessary to enlarge on the etlecls of this 

When it produces an efforvesceuce, or bubbirs in water* 

isdicates the presence of chalk, carboiiat of soda, or pure carbonic 

; each of these substances may be distinguished by certain pe- 

>r phenomena. If water containing chalk be healed ailter the 

l^ition of sulphuric acid, a pellicle and deposition of sulpliat of 

e are soon formed, which does not happen with waters which 

li limply alkaline. At first consideration it may seem thai the 

%l)at of time ought to be precipitated as uflen as the sulphuric 

''^lu ii poured into water coutaitiing cbalk ; this, however, very sel- 

"""i happens without the assistance of heat, because these waters 

"""* commonly contain a superabundance of carbonic acid, which 

^"'^^n the solutiou of the sulphat of lime, and of which it is ne- 

""^'■^^ to deprive them before the salt can be precipitated. Thi* 

'" >iiay be shown in the clearest manner, by pouring a few drops 

'^oiicent rated sulphuric acid into a certain quantity of lime water 

*'"cli has been jirecipitated, and afterwards rendered clear by the 

""'■Uion of carbonic acid: if the lime-water be highly charged with 

'^^nerated calcareous earth, a precipitate of siilphat of lime is 

Inrtnyp [iown in a few minutes, or more slowly in proportion as 

"* (carbonic acid is set at liberty: If no precipitate be afforded by 

f*Wding, as will be the case when the quantity of sulphat of lime 

"*ery small, and the superabundant carbonic acid considerable, the 

application of a slight degree of heat will cause a pellicle of caU 

'"'■^oiis sulphaf, and a precipitate of the same nature to be formed. 

The nitrous acid is recommended by Bergman to precipitate sul- 

^y^i from kepatized waters. The experiment may be 

^Voi. til. o 
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ponring a few drops of the brown and fuming acid on distilled wa« 
ter, in which the gas disengaged from caustic alkaline sulphure, 
heated in a retort, has been received. This artificial hepatic wa* 
ter, which does not considerably differ from natural sulphureous 
waters, except in the circumstance of its being more diilicult to 
filteri and its always appearing somewhat turbid, affords a precipi- 
tate in a few seconds, by the addition of nitrous acid ; the precipi- 
tate is of a yellowish white ; when collected on a filter and dried, 
it bums with the fiame and smell of sulphur, and in other respects 
has every character of that inflammable body. Nitrous acid seems 
to alter sulphurated hydrogen gas in the same manner as it does ail 
otiier inflammable substances, by virtue of the great quantity of 
oxygen it contains. Scheele lias recommended the oxygenated 
muriatic acid to precipitate the sulphur from waters of thisDatoret 
only a very small quantity of it must be used, otherwise the sulphor 
will be burned and reduced to the state of sulphuric acid, Sulpbii 
reous acid precipitates the sulphur very readily from waters m\kk 
contain it. 

There are few re-agents whose mode of action is less known thi 

Hiat of the alkaline lixivium of blood, which has been calM 

phlogisticaied alkali ; it has been long since ascertained, that tfais 

liquor contains Prussian blue, or prussiat of iron, ready formed; 

it has been thought that this blue might be separated by the addi" 

tion of an acid ; and in this state it has been proposed as a sob* 

stance capable of exhibiting iron existing in mineral waters. J*9otbiBg: 

can be more uncertain than the complete separation of prussiat of iroa 

from this prussiat of potash made with blood. This Irxivium ongbl 

therefore to be no longer used as a re- agent. Macquer having discos 

ered that Prussian blue is decomposed by alkalis, proposed potad^ 

saturated with the colouring matter of this blue, as a test to ascertak 

the presence of iron in mineral waters. But as the liquor itself likewisi 

contains asmall quantity of Prussian blue,which may be separated by 

means of an acid, as Macquer has shown, Baum6 advises that two or 

three ounces of distilled vinegar be added to each pound of this Pros* 

sian alkali, and digested in a gentle heat, till the whole of the Fnissiaa 

blue is precipitated ; after which pure fixed alkali is to be added t»- 

saturate the acid of vinegar. Notwithstanding this ingenious pro-* 

cess, Fourcroy has observed, that the Prussian alkali, purified by 

vinegar, deposits Prussian blue in process of time, more especially 
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by e?sporation. M. GiDanetli maile tlie sami; observation by 
cvapnraliiig the Prussian iilloiii, puritie<l, by llie method of ttaitm^. 
Id ilrjneis : he has pri>|)oseil two jtrocesses for oblainin; this hqiint 
ina slate of purity, anil toially exempt from iron; the one consists 
in »i)i«rsBliirating the Prmsiun alkali with 'lislilled vinegar, evapo- 
nlln^ it to dryness by n gentle heat, dissolving the reinainin^ mass 
' in distilled water, and filtraliiig the solution; nil the Prus^iau blue 
^ rtmniiis on the filler, and the liqnor which passes thron^h contains 
' none at all. The other process consists in nciitralizitig the alkalf 
^ HJlli a aalutioD of alum, from which al^er filtralin<r, the sulphat 
' of [wtttsh is sepurattd hy evaporation. These two liquors do not 
afliiril 1 particle of Prussian blue with the pure acids, nor by evapQ> 
ration to drvnes?i. The lime water, saturated with the colour. 
•"g matter of Prussian blue, which is a prussiat of iron, does 
nt require these preliminary operations : when poured on a $o> 
luiinn nf sulphat of iron, it immediately forms pure Prussian blue, 
"ilhoul any mixture of green. Acids only precipitate a few parti- 
<^ of Prussian blue from this re-agent ; it therefore does not 
timlain iron, and cou^equeully is preferable to the Prussian alkalis, 
ill the assay of mineral waters. This phenomenon doubtless de- 
pends on llie nction of the lime, which, when dissolved in water, 
b firfrom having ihe same elticacy on iron as alkalis have. This 
pmsiial of time seems to be exceedingly well adapted to distinguish 
ferruginous waters, whether they be gasious or sulphuric. In 
ftcl, the carbonic gas, which holds iron in solution in waters, being 
ot m acid ndlure, deconipoaes Prussian tixiriums by the way of 
doable affinity, as ivell as sulphat of iron. Fonrcroy tried prussiat 
of lime on Spa waters, and those of Passy, and he immediately 
flbtairied a very perceptible blue in the former, and very abundant 
in llie latter. This, therefore, is a liipior very easily prepared, 
which does not contain the smallest portion of Prussian blue, and 
isexceedingly well calculated tn exhihit the presence of small quaii- 
tlltes of iron in waters. It is a kiud of neutral salt, formed by the 
|>russic acid, or the cotourini; part of the blue and Ume. 

Nut-galls, as well as all other bitter and astringent vegetables, 
Meli as oak bark, the fruit of the cypress tree, the husks of nuts> 
Ace. bave the property of precipitating solutions of iron, and exld- 
biling ihst metal of difl'erent colours, accordiug to its quanlitv, !(■ 

tand that of Ihe wuter in ivhich it is dissolved. Tliis colour 
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in general is of all sliaHes, from a pale rose In the deepest black* 
It is well knnwn tlmt the purple colour assumed b> waters, wich 
(he tinclure of iiul*galU, is not n proof lliat ihey contain iron io 
Us melallic stale, lince tlie sulpha! and carbonat of iron lihewise 
assumes a piitple colour by llie iiifusiun of nut galls. The diSer- 
ences of colour observed in these precipitations, depend raiiier on 
the quantity of iron, its greater or less degree of adhesion Totlie 
water, and the more or less advanced state of deposil'on of tilt 
MlulioD, relatively to tbe quanlitv ut' oxjgco contained m Ibe iron, 
Tbe astringent principle is known to be a peculiar acid, since it 
uuitei Mith aikalis, converts blue vegetable colours to a red, de^ 
eoR)|io>es alkaline siilphures, and combines with metallic oijds. 
Nui-^alls in powder, the hifiision uf Ibis subsliince in water, mad* 
without heat, aud the linclure by alkoliol, are used lo ascertaia 
the presence of iron iu DUuentl waters. The tinclure is preferred, 
becauiie it ii not subject to become moiddy as the aqueous soluliot 
is. The distilled products of uut'galls likewise colour ferruginoui 
solutions. The iafusiuus in acids, alkalis, oils, and elher, enhibit 
lite same phenonienon. The iron precipitated by this matter Ctom 
acids is in the stale of gallat of iron, and forms a kind of neutnl 
salt, which, though very black, is not attracted by the magnet, 
dissolves slowly, and without sensible eflervcscence in acids, b 
loses these properties by tlie action of tire, and la then atlracteit bj 
(he magnet. The nut.gall is so efficacious a re-ageni, that a si 
drop of its tincture colours, iu the space of live minutes, wilb t 
purple tinge, three pints of water, which contains oidy tltf twen^ 
fifth part of a grain of sulphat of iron. All these phenomeaa pKH 
ceed from the great facilriy with which the matter of nul^gsHi 
twras, and from its readily absorbing from the iron a portion of the 
oxygen it contains, passing by this means lo tiie stale of a black 
uxyd or elhiops, the smallest quantity of which is very perceptible 
in transparent liquors. 

The two last reagents, we shall propose for the examination «f 
waters, are solutions of silver and of mercury m the nitric acid. 
These have usually been employed to exhibit ihe presence of ike 
sulphuric, or muriatic afi<ls in mineral waters; but many other 
substances, which do not contain the smallest portion of those, arc 
likewise precipitated by these solutions. The while and heavj 
ttrjpjvhicb the nit^^^f, silver c&liibitB ia wuter^ that c 
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tnare than half a grain of niiiriat of soda lit the pinl, ascertains Ihe 

{•restnce of tlie murialic acid with great certaiuty and fariliij ; but 

' they do not in the same manner itidicale tlie preseure of the sul- 

pburicacid, since, according to Bergman's eitimaie, at least thirty 

graiDsof sulphat of soda must exi^t in the pint of water, iit order 

I Id pro'Juce an ittimcdiate seiHilile effect. To tlJis we may add, that 

filed nikali, chalk, and magnesia, precipitate the nitric soluliun of 

I fllT«r ill a itiuch more evident manmT, and cunsMjueiitly that the 

pr«cipilaiion foaiicd in amiiterul water by lliis solution is insulGcient 

lo (irlemiiiie with precision, the saline or earthy substances from 

^L Vbicli it arose. 

^K^ The solution of mercury by the nilric acid, is still more prod ur- 
^^Bm of error: it not only indicates the presence uf the sulpliuric 
j^P'ttd muriatic acids ill waters, but it is likeuise precipitated by the 
eirtliy and alkaline carbooats, inayelUmish powder, which might 
be mistaken far an effect of the sulphiirc acid. Ii has been com- 
moflly supposed, thai tlie very abundant white precipitate which it 
kmis in water, is owing to ihe presence of a muriatic salt ; yet 
mucilaginous and eidraclive snbslauces exiiibil the same phenoine. 
Hon, as is now well known to all chemists. Besides, these sources 
of erri<r and uncertainty, de|«ndeat on the property which several 
■Bbslaiicefc have, of producing similar precipitates with the nitric so> 
luliau of mercury, there are likewise others whicb drpend on the 
state of this solntiun itself, and which it is of the utmost conse. 
quence to know, in order to avoid very considerable errors In the 
analysis of waters, Bergman has nieiitiuned some of the remark- 
able differences observed in this solution, according to the niduiier 
in wliich it is made, either with or wilhnnl heat, more particularly 
with res|k^ct to the colour of the precipitates it affords by different 
iulermediuins ; but he does nut saj a word concerning the pruperly 
thu solut 11)11 possesses, of being precipilaled by dist tiled water, when 
il is highly charged with t e oxyd of mercury ; though Moimet 
mentions this taci in Ins lieatise on Ihe dissolution of metals. As 
this sulijid is of great importance :n the analysis of waters, Fuur> 
croy eodeavoured by a very minute invest igalton lo arrive at some 
degree of certainly cuncerniug it, aud lias succeeded, as shall pre- 
lenity appear by very simple means. He h:is made a great number 
] of solutions of mercury, in very pure nitric acid, with diffcient 
of these two substances, with beat aud in the cold, and with 
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aci^s of very difierent strengths. These ex|)eriments have afforded 
the following results : 

1. Solutions made in the cold^ became charged more or len 
readily with different quantities of mercury, according to the degree 
of concentration of the nitric acid: but whatever ttie quantity of 
mercury dissolved in the cold by the concentrafed acid may be, no 
part of It will be precipitated b y mere water. He dissolved io the 
cold two drachms and a half of mercury, in two drachms of nL 
trous acid red and fuming^ weighing one ounce four drachms and 
five grains, 'in a bottle which contained an ounce of distilled water; 
the combination took place with the utmost rapidity ; very deiwp 
nitrous gas escaped, together with aqueous vapours, dissipated by 
the heat of the mixture, amounting to more than one fourth of the 
acid. This solution was of a deep green, and Tery transparent: 
he poured a few drops into half an ounce of distilled water: soiM 
white striae were formed, which were dissolved by agitation, ail 
afforded no precipitate, though it was the most saturated solatioi 
be could make in the cold, and presented the greatest degree of 
commotion, effervescence, and red vapours, during the combiuip 
lion of the mercury and acids. As it had deposited crystals. In 
added two drachms of distilled water, which dissolved the whole 
without any appearance of precipitation. With much greater safetji 
therefore, may such solutions as have been made in the cold witii 
common nitric acid, and half their weight of mercury, be used in 
the analysis of mineral waters, for they will never afford a precq[ii* 
tate by the addition of mere water. 

2. The weakest nitric acid strongly heated on mercury, will dis- 
solve a larger quantity than the strongest acid in the cold. The so* 
lution, which isthick and of a light yellow colour, will appear thick and 
oily, and will afford by standing, an irregular yellowish mass, which 
may be changed into a beautiful turbith by the addition of boiUag 
neater; this solution poured into distilled water, forms a veiy 
abundant precipitate of a yellow colour, similar to turbith. A 
solution made in the cold exhibits the same result, if it be strongly 
heated, so as to disengage a large quantity of nitrous gas. These 
solutions made with heat, ought therefore to be excluded from the 
analysis of mineral waters, because they are decomposable by dis- 
tilled water. 

8.' The two solutions appear to differ from each other kthc 
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fSMtity of oq^ of mciony, which k MBch yi liii ii Iktt 
which is precipitated bj the water, thaa is that wk 
compomble by the fluid. M. Foorcrow has proccd thi^ hj 
nrtiog equal quaatities of both these sohttioas ia am 
fkUf to reduce them into icd piccqiitate, aad he 
Aorth wore of this precipitate from the sohoioa which is 
fmi by water, than from that which is aot nwdiitd fiahid 
He specific gravity likewise appeared to he a eood mgihod of 
IKCitaioiog the relatiwe qoaotilies of ox%d of ■Mtcsrv 
ttne differeot fluids. He compared wcistits of equal 
Ikice mercurial nitrous solntioss : the ooe, which was aol at 
ire«t(Ntated by distilled »ater, aad was the rcsak of the firtf 
jMKd experiment, weighed one oonce ooe dnchm awd sixf^* 
iiM grains^ in a bottle which cootaioed exactly aa oaaee of dis* 
tfkd water. Tlie second solution was made by a very gentle heafl^ 
M produced a slight opal colour with distilled water, and scarccij 
l|qr sensible quantity of precipitate. The same liottie eontaiiicad one 
IMce six drachms twenty-fiMir grains. Lastly a thifd mercurial 
tolution considerably heated, and which precipitaled a true tmrbiik 
mitural of a dirty yellow, by distilled water, weighed in tlie saow 
hottky one ounce seven drachms twenty-five graiu. A deciMve ex* 
yeriment remained to be made to confirm this opinioD still more 
perfectly. If the solution precipitated by vater, owed this property 
fO a quantity of mercurial osyd too large with respect to the add, 
|l would of course lose that property bj the addition of add ; this 
fDCprdingly haj^ned. Aquafortis was poured on a solution uhicb 
decomposed by water, and it soon acquired the property ai no 
>r being precipitaled, and was absolutely in the same state as 
that which bad been made slowly at first, by the mere heat of the 
ntaMMphere. Moonet has mentioned this proeem, as a means of 
pBTvcnting crystals of mercurial nitrat from b ecoming converted 
into oxyd by the contact of the air. It is by a contrary process^ 
and by evaporating a portion of the acid of a good solution, which 
is not precipiuted by water, that it is converted into a solution 
■nich more strongly charged with mercurial oxyd, aadconseqaantly 
anpable of being decomposed by water; its original property 
amy be restored by the addition of a quantity of wad, equal to 
that which it lost try efuporatioo. 

O 4 



•00 CATARACTS, AND INUNDATlONl* 

Such are the differeDt considerations M. Fourcroy bts thoiig/i#' 
necessary to exhibit, that the ejQfects of re*agenls on waters may be 
better ascertained ; but whatever may be the degree of precisioo 
to which researches of this nature may be carried ; however exten" 
five the knowledge we may have acquired concerning the degrees 
of purity, and the different states of such substances as are com- 
bined with mineral waters, for the purpose of discovering their 
principles, if it still remains a fact, that each of these re-agents is . 
capable of indicating two or three different substances dissoWed in 
these waters, the result of their action will always be subject to un* 
certainty. IJme, for example, seizes the carbonic acid, and preci- 
pitates salts with the base of alumine, and of magnesia, as well ai 
the metallic salts. Ammoniac produces the same effect Fixed 
alkalis, besides the ahove mentioned salts, precipitate those with 

« 

Base of lime. The calcareous prussiat, the prussiat of potash, and 
gallic alkohol, precipitate the sulphat and carbonat of iron. The 
nitric solutions of silver and of mercury, decompose all the sulpba* 
ric and muriatic salts, which may be various both in quantity snd 
in kind, in the same water, and are themselves decomposable by al* 
kalis, chalk, and magnesia. Among this great number of compli- 
cated effects, how shall we distinguish that which takes place io the 
water under examination, or by what means shall we asceitais 
whether it is simple or compounded ? 

These questions, though very difficult, for the time when the ex« 
pedients of chemistry were little known, are nevertheless capable of 
being discussed in the present state of our knowledge. It must first 
be observed, that the nature of re.agents being much better knowo 
at present than it was some ^ears ago, and their reaction on the 
principles of water better ascertained, it may, therefore, be stroo^y 
presumed that their application may be much more advantageously 
made than has hitherto been supposed ; nevertheless, among the 
great number of excellent chemists who have attended to the ana. 
lysis of waters, Messrs. Baum6, Bergman, and Gioanetti, are almost 
the only persons who have been aware of this great advantage. We 
have been long in the habit of examining mineral waters by re* 
agents, in very small doses, and often in glasses ; the phenomena of 
the precipitations observed have been noted down, and the experi- 
ment carried no further. Baum6 advises, in his ehimistry, tint a 
considerable quantity, of the mineral water under examinatioai 
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^oulH T>e saturated with lixPii alkalis and with ncids, thai Hie preci- 

pilatrs bv collccled, Hiid llicir nature ex^imiued. Burgiiian Hpprcr 

hvudeiJ lliui the quantity of ihe principles contained In waters inigtit 

be judged ot tiruiu ihe m'igtil of tlie precipil^tles obtained in tbeae 

mixtures. Seveml other clicmiits lisive likewise employed lids me- 

lliod, but always with a vitw ta cerlaiu purticulur circuuislaiiees; 

■ud no nne hai hitherto proposed to niiike it cootiected analysis of 

luiitrral waters by this meaus. To succeed in ibis analysis, it would 

be proper In mix several jiounds of Ihe mineral water with each 

re-agent, till the latler ceases to produce any precipitate : the pre- 

cipiiale should then be suffered to subside during the lime of 

twenty-four hours, in a vessel accjrateiy closed; after which tbe 

mixture being filtered, and the precipitate dried and weighed, tbti 

o|>erH[orraay proceed to examine it by the known methods. lu 

this manner the nature of the substance will be clearly ascertained' 

on which the reagent has acted, and llic cause of Ihe decomposi- 

. Hon may cuusequenlly be inferred. A ceilaJn order may be foi- , 

^■iwcd in these operations, by mixing the waters tirst with sncli 

^^■bslancet us stand least capable of altering them, and aflerwurdf 

^^■nsing to olher substances capable of producing clianges more va- 

^Hm and difficult to explain. The folluwiug aielhud is Ihut uliieh 

^^■irarcroy couimoidy uses in this kind of analysis. After having eva* 

^Hined the taste, the colour, the weight, and all the other pliy^iical 

properties of a mineral water, he pours (bur pounds of Ihue water 

on au equal quantity of the fluid; if uo precipitate ia made in 

j Iweiitj-four hours, he is sure that the water conlains neither disea-. 

Ihged carbonic acid nor alkaline earbonat, nor earthy .sails with 
me base of aluminous earth or magnesia, nor metallic salts. But if 
I precipitate be formed, he fillers the mixture, and examines th^ 
chemical properties of Ihe deposited substance i if it lias no taste, 
if it be insoluble in water, or efferviices with acids, or forms aq 
insipid and almost insoluble salt by the addition of sulpliuric acid, 
be concludes that it is chalk, and that llie lime water has acle4 ■ 
ouly on Hie carbonic acid dissolved in tlte water. If, on the con- I 
trary, it is small in quantity, and subsides very slowly ; if it do not'.l 
■ effervesce, and affords with the sulpliuric acid a styptic salt, or t 1 
liller and very siduble salt, it is formed by magnesia or aluminoiu ] 
, and often by both. 
After the examination by lime water, Ftiurcroy ponrs on foift | 
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ojther pounds of the same mineral water^ a drachm or two of imoo* 
niac perfectly caustic, or causes ammoniacal gas, disengaged bj 
beat from the alkali, to pass into the water. When the water k 
saturated, it is letlt at rest in a close vessel for twenty*four hoon; 
if a precipitate be affordedi it can only consbt of ferruginoas oi 
magnesian, or aluminous salts, whose nature is examined by tbe 
different methods mentioned in the foregoing paragraph. But the 
action of ammoniacal gas being more fallacious than that of line 
water, which produces tlie same decompositions, it must be ob- 
served that this last should only be used as an assistant means, which 
does not afford results equally accurate with those produced by the 
former re*agent. 

When salts with base of aluminous earth, or magnesia^ have bees 
discovered by lime water, or by ammoniacal gas, the caustic fixed 
alkalis may be used, to distinguish those with base of lime, such ai 
sulphat and muriat of lime. For this purpose Fourcroy precipitates 
some pounds of the water, which is examined by either of these 
liquid alkalis, till it no longer produces any tnrbidness. As tUs 
alkali decomposes salts with a base of aluminous earth, as well u 
those composed of lime ; if the precipitate resembles in its fom^ 
colour, aud quantity^ that which lime water has afforded^ it majT 
be presumed that the water does not contain calcareous salt, auA 
the chemical examinations of the precipitate usually confirms thm 
suspicion : but if the mixture b much more turbid than that mad^ 
with lime water ; if the deposition be much heavier, more abundant^ 
and more readily afforded, the lime is mixed with magnesia or 
alumine. This is ascertained by treating the precipitate after tbe 
different methods before explained. It may easily be concluded, 
that iron precipitated by re.agents^ at the same time as the salino^ 
terrestrial substances, is easily known by its colour aud its taste; 
and that the small quantity of this metal separated in these pro* 
cesses, is not sufHcieut to effect the results. 

It were useless to explain at large the effects of sulphuric acid, 
nitrous acid, gall-nuts, or of the calcareous and alkaline prussiats, 
employed as re»agents on mineral waters. The general account of 
these effects which has already been given may suffice ; it need 
therefore only be noticed, that when they are mixed in large doses 
with these waters, and the precipitates collected, the nature and 
quantity of their principles may be more accurately ascertained, as 
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hubeen done by Messrs. Bergman and Gioanetti. Tiie products 
^iiicb the nitric soluiious of silver t»r mercury afibrd when tui\ed 
^ith niineml waters, deserve particular attention. It is more par. 
''cu/arly necessary to operate witb large quantities of water, wliea 
ihese re agents are used, in order to determine the nature of the 
'ciVis contauied in the waters. The analvsis of tliese tluids will be 
coji^plete when their acids are known, because these are often coiu- 
oitM^^ with the basis exhibited by the re-agents before.mentioncd. 
-^^^ colours, the form, and the abundance of the precipitates af* 
'^■^^^ed by the nitric solutions of mercury and silver, have hitherto 
^^^ibited to chemists the nature of the acids which caused them. 
^ ttick and ponderous deposition immediately formed by these 
^^\ ^itions, denotes the muriatic acid : if it is small in quantity^ 
^^ite, and crystallized with the uitrat of silver, or yellowish, and 
?^llow and irregular when formed with that of mercury, and if it 
*^V>side but slowly, it is attributed to the sulphuric aciiU But as 
^U«9e two acids are otten met with in the same water, and as 
^Vkali and chalk likewise decompose the solutions, the results or 
deductions made from the physical properties of the precipitates 
Uiust t>e uncertain. It is therefore necessary to exainue them more 
effectually : for this purpose, solutions of silver or of mercury may 
be mixed with five or six pounds of the water intended to be ana« 
lysed. The mixtures being filtered, twenty four hours after the 
precipitates must be dried^ and treated according to the methods 
of chemistry. If the precipitate afforded by the nitric solution of 
mercury be heated in a retorr, the portion of metal united with 
the muriatic acid of the waters mil be volatilized into mercuriut 
dulciSf and that which is combined with the sulphuric acid will re- 
main at the bottom of the vessel, and exhibit a reddish colour. 
These two salts may likewise be distiuguisbed by putting them on a 
liot coal ; the sulpliat of mercury, if present, emits ,a suipimreous 
acid, and assumes a red colour; the mercurial muriat remains 
white, and is volatilized without exhibiting any smell of sulphur. 
These phenomena likewise serve to distinguish the precipitates 
which may be formed by the alkaline substances contained in water* 
since the latter do not emit the sulphureous smell, and are not 
volatile without decomposition. 

The precipitates produced by the combination of mineral 
waters with the nitric solution of silver^ may be as easily examined 
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as Ihe fbregoiDg. Sii'|iltBt of silver being more soluble tbna liie 
rauriat of the same melal, dislilUil water maj be successfully uwd 
to sep-jrale Ibese salli. Muriat of silver is known by ils fixilj, 
its fusibility, and especially in ils being less eusily decomposed Ihau 
sulpha! of silver. Tliii last, placed on hot coals, emits a sulphur*, 
oils smell, and leaves an oxyd of silver, which mav be fused with. 
out adiiilion, 

TVke Examination of the RUneral fVatert bif Diitillafion.—- 
Distiliation is used in the analysis of waters, lo ascertain f!am 
gaseous nubitances they may be united to. These substances are 
either air, more or less pure, or carbonic acid, or sul|)hurate(9 
hydrogen gas. To ascertain their nature and quantily, som^ 
|x>uoiU of the mineral water must be poured into a retort, buF^ 
ficienlly large lo contain it, without bein« filled more than half or 
two-thirds of its capacity ; to this vessel a recurved tube is lo be 
adapted, which passes beneath an inverte<l vessri filled witb 
mercury. In this disposition of the apparatus, the retort must be 
faeated till the water perfectly boils, or till no more elastic fluid 
passes over. W lieu the operation b finished, the quHnlily of air 
contained in Ihe empty space of the retort must be subtracted from 
the bulk of the gas obtained; the rest consists of aeriform fluid 
which was contained in the mineral water, whose properties may 
quickly be known by the proofs of a lighted taper, linclure of 
turnsole, and lime water; if it catches fire, and has a fcelid smell, 
it is sulphurated hydrogen gas; if it extinguishes the laptr, 
reddens turusole, and precipitates lime vtaicr, it is the carbonic 
acid; lastly, if it maintains combustion wilhoul taking fire, b wltli. 
out smell, and alters neither turnsole nor lime water, it is alino. 
■pheric air. ll may happen Ibat lhi!> fluid may he purer than the 
air of the atmosphere: in this case its det^'rees of purity may be 
judged by the manner in which it maintains combustion, or by 
mixing It with nitrons or hydrogen g;is, in the eudioraeiers nf 
Fontana and Volia. The process used in obtuiniiig gaseous matters 
contained iu watrrs b entirely modern. A niuiiiL-ned bladder was 
formerly used, which was adapted to the neck ofa bottle filled witli 
mineral water: the fluid wag agltaied, and by Ihe sweliiug ofthfi 
bladder, an e^tinjale was ma<le of Itie quantity of gas contained ia 
the water. Tliis method is now known lo be fallacious, because 
water oDuot give out iH its ^ but by ehulliijon, and because tbe 
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ttdciof the noistcoed bbddci ahf^ uc QeemiiimK t» eiasic fiiuc. 

obtaiDed. It is scvccii ]armsar« ii lemBiik. Tuu: Ik 

alubited by the ««ter, bumic me eacvK a: im 

nrefully eiamiBed, and uwi fc ks BiuiuiiT» ir i 

eipoied to distilUtioi^ a fi iiy n r u m v fi^ uiait jUiL ^wTsinig 

atedial it coataks a lan*er quiiniini a p^. 

Such ii the BietlMd msnrnmeuDfsc in bidikti. ctisiiiss if •Das 

tbc dastie fluids mibTard vnii wkSiesh^ t. mus: m uaBc^vei^ 1. 

Tbt this p iu ce is rMiiwrf he oejiieuoec m^ « Rl rsutl il aciuuiiiyi 

viten, BDlesB the presaiK ctf^ Uie aimiispueK. Ubc tie sant of re 

pninoa of the ekslic ihud HBtta- lut e»A ^easPe ^r muK 

ntdv accoasted ior : and as thft * no: ekai'^ riuout. us niMiniusa. 

^ caifaooic acid fa^ iune «vcr^ finymiKrc 9"^ C^iUiur^tu ainfSMR il 

k preferable. £. Tmmisc a ak vbcl sesumiiieiiCisL ir L ^rpiOL 

teobtaia sHlpbunied iivdrciatai cb xtub. ButitiiixRou v:irk^?v C 

^1^ Bot answer, becanie tiie itea: uf CTulirnn CHr.-uniifLM^: lu^ 

^ itis likeaise deoMB^iBBed 17 isk Jies ' j ir7- viiitn. c t::! 

toelhiops* as kkib v it ccnnH jl oacic »m uit «:itft£ £iiit. 

"If this leasoB, iiiburse k&MuC he uHCfi ii- au>irx tu^ p& a tie 

^dd^ and to defvive a^'ytur^eftia vaseri^ u: iinsr Buutuir. 

The E^mminmti&n tf Hjmcr^ Wict^n i-j l^zmn*'' OLun.^^ 
EnpoiatioD is ecBeralh considoefi la ik ante obtuul ntsUtut li 
iteiQaig all the prioc^iies «tf JIUBS& tL-isiSL. Vt usk umas m^ 
IBvedL aad he» rtpeti, inm razmia «i«L aiuDuSi<>fL ^z^ejm^nt^ 
thiA lopg coounaed c-bvLiDiK ibki ciasun^iMe auae xuine??! fitt* 
nhad ia water, mA fee tuai roaui. «c »»« aovuBt lut r&anu* 
of thciB bj le-aeeat^ ca^nm^c a. p>^aiH7 }aii^ff?Uiiifc ^ jMS 
ij ifi«d auicii jid«auCiMi» vms. urru kii^^etMff 
vilh the aoal^w b« if nfsiii viict ii^ait iuirii>e 'a »fc wau^ mMLt . 
w ooeof the pdac^ iKitkodi rf rmnimmg mrmtat. 

Hie intCBtioa of evi^KicaSiM Veii^ te culu:!:! tut £«eC pfttut:nf0^ 
coatuned ia a ■mrfai wKya^ ii m oiiviuia, Iuk a tnlM;? h AMne 
the ilatare aad propoitigB «f txKfle imc^iin, ^ fiMiMUt:siiu«(^ i|uaft» 
tilj of the vaier mn^ l««Ti|Ma]At:fl. auc aw juuct im iuir« u. >Kii. 
pottioo as the pdacfws appear ic» euc jl austou^ t|iaHiai«ii^ 
WhcBthe water h t hoa g to \»e»miaui a jMn» wiaiiiR* y: muutmt^ 
ier. abnwi t««wtj | > a— < b bibbi ke ««iy#u»tt:c . tf^ w< Ui*- fMftMrj^ 
it afipcaa to hohl bat a «b; haL ^lasur^ a aiaib lu. a vit be 

ilJ 
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quisite to perform this operation with several hundred pounds. TIk 
nature and form of the vessels in which waters are exposed for 
eyaporafioD, is not a matter of indifierence : those of metal, a. 
cepting silver, are altered by water; vessels of glass, of a certsia 
magnitude, are very subject to be broken ; but those of gl:«ced 
smooth pottery are the most convenient, though the cracks in tlie 
glaze sometimes cause an absorption of saline matter ; vessels sf 
unglazed porcelain, called biscuit, would doubtless be the most 
convenient, but tlieir price is a considerable obstacle. Chenmts 
have proposed different methods of evaporating mineral watcn; 
some have directed distillation to dr}'ness9«in close vessels, in order 
to ^vent foreign substances, which float in the atmosphere, from 
mixing with the residue; but this method is excessively tedioast 
others have advised evaporation by a gentle heat, never carried Um 
ebnlKtton, because they supposed that this last heat alters the fixe# 
principles, and carries up a portion of them. This was the opinraa 
of Venal and Bergman. Monnet, on the contrary, directs the wa« 
ter to be boiled, because this motion prevents the reception of 
foreign matters contained in the atmosphere. Bergman avoids thii 
inconvenience, by directing the vessel to be covered, and a hole left 
in the middle of the cover for the vapours to pass out • this last me* 
thod greatly retards the evaporation, because it diminishes the tor. 
ftice of the fluid. At the commencement, the heat used must be 
sufficient fo repel the dust; but the greatest difference in the mani- 
pulation of this experiment consists in some writers directing that 
the substances deposited should be separated, as the evaport* 
tion proceeds, in order to obtain each pure and by itself; others, oa 
the contrary, direct the operation to be carried on to dryness. We 
are of the opinion of Bergman, that this last method is the moat ei. 
peditious and certain; because, notwithstanding the care which may 
be taken, in the first method, to separate the different substances 
wliich are deposited or crystallized, they are never obtained puit^ 
and mustalwH\s be examined by a subsequent analysis; and the 
method is besides inaccurate, on account of the frequent flltrations^ 
and rhe loss it occasions. Lastly, it is very embarrassing, and ren- 
ders the evaporation much longer. Mineral waters may therefore 
be evaporated t6 dryness, in open glass vessels, on the water.batb, 
or still more advantageonsly m glass retorts, on a sand-bath. 

Vtti ions phenomena are observed during this operation ; if the 
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water be acidaloiiSy it emits bubbles, as soon as the beat first begins 
to act ; in proportion as the carbonic acid is disengaged, a pellicle 
it formed, with a deposition of calcareous earth, and carbonat of 
iron. These first pellicles are succeeded by the crystallization of 
sulpbat of lime; and lastly, the muriats of potash and soda crys. 
tallize in tubes at the surface, but the deliquescent salts are not ob« 
taioed but by evaporation to dryness. 

The residue must then be weighed, and put into a small phial, 
with three or four times its weight of alkohol : the whole being agi« 
fated, and suffered to subside for some hours, must be filtrated, and 
the alkohol preserved separate. Ttie residue on which the spirit 
bat not acted, must be dried in a gentle heat, or in the open air ; 
when perfectly dry it must be weighed, and the loss of weight will 
show what quantity of calcareous or raagnesian muriat was con- 
tained, because these salts are very soluble in alkohol. We siiall 
presently speak of the method of ascertaining the presence of these 
two salts in the spirituous fluid. 

The residue, after treatment with alkohol, and dryini^, must be 
agitated with eight times its weight of cold distilled water, and fil- 
tered. After some hours standing, the residue is to be dried a se« 
cond time, and boiled half an hour in four or five hundred times its 
weight of distilled water; this last residue, afcer filtration, consists 
of that which cold or -boiling water is insuflicient to dissolve. The 
fint water contains neutral salts, such as sulphat of soda, or of mag- 
nesia ; the muriat of soda, or potash and the fixed alkalis, espe* 
cially soda united with carbonic acid : the large quantity of boiling 
water scarcely contains any substance but sulphat of lime. There 
are therefore four substances to be examined, after these different 
operations on the matter obtained by evaporation. 1. The residue 
insoluble in alkohol, and in water of different temperatures. 2. The 
salts dissolved in alkohol. 3. The salts dissolved in cold water. 
4, and lastly. Those dissolved in boiling water. We shall now pro. 
cced to the experiments necessary to ascertain the nature of these 
difierent substances. 

1 • The residue which has resisted the action of the alkohol and 
water, may be composed of calcareous earth, of carbonat of magne* 
sia and iron, ofalumine, and of quartz. These two last substances 
are seldom found in waters, but the three first are very common ; 
brown, or more or less deep yellow colour, indicates the presence 
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of iroB. If the residue be of a white grey, it does not contain t1ni[ 
metal. When iron is present, Bergman directs it to be moistened, 
and exposed to the air till it rusts ; in which state vinegar does not 
act on it. In order to eiplain the methods of separating these di£i 
ferent substances, we will suppose an insoluble residue to consist of 
the five substances here mentioned ; it must first be moistened, and 
exposed to the rays of the sun ; and when the iron is perfectly mtted, 
the rtsidue must be digested in distilled vuiegar. This acid dissolfes 
the lime and magnesia, and by evaporation afibrds the calcareous 
acetit, distinguuhable from the acetit of magnesia, by its not attradii 
ing the humidity of the air. They may consequently be separated ' 
by deliquescence, or by pouring sulphuric acid into their solution* 
The latter forms sulphat of lime, which precipitates ; but if die 
roagnesian acetit be present, the sulphat of magnesia^ composed 
of magnesia united with the sulphuric acid, will remain in solutioiip 
and may be contained by a well- conducted evaporation. To as- 
certain the quantity of magnesia and calcareous earths contained in 
this residue, sulphat of lime is first to be precipitated : and the 
sulphat of magnesia, formed by the sulphuric acid poured into the 
acetous solution, must then be precipitated by carbonat of potaAu 
the quantities of these precipitates are known by weighing. Whea 
the chalk and magnesia of the residue are thus separated, the iroo^ 
the alumine, and the quarts remain. The iron and the alumine are 
dissolved by pure muriatic acid, from which the former is precipi* 
tated from prussiat of lime, and the latter by carbonat of potasb. 
These precipitates must likewise be weighed. The matter whidi 
remains after the separation of the alumine and iron is usually 
quartzose ; its quantity may be known by weighing, and its habi- 
tudes by fusion of the blow*pipe with carbonat of soda. Such are 
the most accurate processes, recommended by Bergman, for ex« 
amining the insoluble residue of waters. 

9. The alkohol used in washing the solid residue of mineral wa« 
(ers, must be evaporated to dryness. Bergman advises treating it 
with sulphuric acid diluted with water in the same manner as the 
acetous solution before spoken of; but it must be observed, that 
this process serves only to exhibit the bases of these salts. To de- 
termine ihe acid, which is ordinarily united with magnesia or lime, 
and sometimes with both, a few drops of concentrated sulphuric 
scid miist be poured on, which excites an effervescence, and disn- 
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ga^lbe miiTiatic gas, known by its smell and nliilenpoftT, mhtn 
lliesult under esamiiiation cniitains ihat acid, Tliii may lAnriie 
be kDown bj' dissolving the whole residue in ualer, and addJvg » 
fewdrops of llie nitric solutioti of silver. The natnre of Utebaw, 
whii:h,a9 ve have observed, is either lime, magneiui, or both t«g^ 
liicr, is knowu bir the name of the sulphuric acid, by a tiintlar pro. 
Celt with thai nlready explained respecting the acerous toiutioB. 

3. Tlie water used in washiag Ibe first residue of the lainenil wa- 
ter, performed, as before direcled. with eight timet its weigh! of 
colli distilled water, contaius ueulral uikaliiie salts, such as lulphat 
of Mda, niurials, or marine salts, carbonat of potash, and of fods, 
sulphat of tuBgneiia : a small quantity of sulpluit «f iron it 
ilitnes found. These ealts uever exist allogelber in waten: 
it of soda, and the carbonat of potash, arc very *el(loai 
; but uiHfiue salt is frequently met with, together with car. 
of soda, Tlje Bulphat of magnesia is Itkewise frequently met 
lud some wulcrseven contain it in considerable quunlitiea.' 
len liie first wushiu<: of the residue of a mineral water conlaiiu 
w\j oiie Jtind of neutral salt, it may easily be obtained by cryrtal* 
Winn, and its nature ascertained from its fonn. taite, and iIiq 
'"ioDuffire, as well as tiial of the re-agents: but (hit ca»e ii very 
'■■re, fi>[ it is much more usual to find many salts united in this Uai. 
^iDni, xbey must therefore be sefinralr^l, if practicable, by »hiw 
^"■porstiou ; but as this method does not always perfectly succeed, 
loffever carefully this evaporation be conducted, it will be necea. 
'^'i to re-exat.iine the ^alts obtained at the dilTerent period* of the 
.'''"'ation. Carbonat of soda is usually deposited confusedly 
, "le muriatic salts, but they may be separated by a procrut, 
^""^'t out by M. Gioanelti. It consists in washing Ibis mined 
th distilled vinegar; for this acid dissolves the carbonat of 
, ^* The mixture must tbeu be dried and wailied a second lime 
\ ^Ikoliol, which takes up the aceiit of soila, wilUuut aclioK oti 
"*e salt. The spirituous solution being evaporated lo dryness, 
* **e residue calcined, the vinegar becomes decompuied and 
Soda alone remains, whose quantity may be then accuraltty 
"'''■'OiWd. 

' *"iie water used in the quantity uf four or five liiiiidrvd liiiifs 
j^, *'%ht of the residuum of the mineral wuler cuntsiins ouly ml. 
lime. This may be ascertained by pure cuuftia 
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which occasioiis no ctiaiige, vhilc cjustic piita^li |irrcr|i)tules il aljun* 
daiitly. By evapotalimi to tlryneM, llie ijiiaiitity of carlliy sail tun- 
taiijed iti (he water n)ay be acciiraiely ascertained. 

Concerning artificial Minernl fF«(cr».— The numerous pm' 
cesKs we have prrscnbed for exiiiiiining the resiilues of niinetsl 
iraKrs by cvaporalion, ierve (o ascerlain, with the greatest pcciaiou, 
al! Ihe several matters held in solution in these fluids. Anoltier 
proceH remaiiii In be made to ])io»e the success of the aiialjsit, 
m. That of iniilstiiig nature in the way of !<ynthesii, by dissolving 
in pure water tlie different sulistances obtained by the analysis of 
mineral water which has been examined. If the artificial mineial 
water has the same taste, the same weight, and exhibits the samt 
pbenomeuR with re-agents as tlte natunl mineral water, it is the 
most complete, and the most certain proof that the analysis Jiu 
been well niaile. Tliii artificial combination ha« likewise the ad- 
vantage of being procured in all places at pleasure, and at a trifling 
espencc; and is even in some rases superior to tlie natural minenl 
waters, for their whole properties may be changed by carriage and 
other circumst'.inces. The most celebrated chemists are of opinion, 
that it is possible to imitate mineral waters. Macijuer has ob- 
KTVcd, iliat since the discovery of the carbonic acid, and the prt^ 
perty it is found to possess of rendering many substances soluble il 
water, it is much more easy to prepare artificial mineral waters. 
Bergman has described the method of composing waters which pe^ 
fectly imitate that of Spa, Seltzer, P>rmont, Ue. ile likewise 
mfiirms us, thai they are used with great success in Sweden, and 
thai be himself has experienced their goo<l (fleets. Duchauo} 
has published a work, in which he has given a number of prncestM 
for imitating all the mineral waters usually employed iu iiiediciDe. 
We may therefore hope, that chemistTy may render the most 
tial service to the art of healing, by affording valuable inedkiM^ 
wiiose activity may be increased ordiminished at pli 

In order to present the reader, under one point of view, 
the most conspicaoiis features in Ihe composition of tlte i 
waters of this and some other countries, the following Syun; 
Table is subjoined, from Dr. Saunders" work on mineral waters. 

The reader will please to ohserve, that under the head of Neutral 
Purging Saltt, are included the sulpiiala of w 
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muriati of lime, soda, and magnesia. The poirer which the 
iiy murialB possess of acting oo the intestinal canal, is not quite 
rtained, but from their great solubility, and from analogy with 
, with aoiilar cempoiient parts, we may conclude that this foilns 
ndpal part of their operation. 

he reader will likewise observe, that where the spaces are kft 
k» it signifies that we are ignorant whether any of the sab- 
3e at the head of the column is contained in the water; that 
ivord none implies a certainty of the absence of that substance ; 
the term uncertain, means that the substance is contained, but 
tlw qumtit J is not known. 



]^S 



lia 



SPSINGt, SITIBS, CAVAL8, LAEE9, 



'i' ii ii» r-\, 

5 1 r C "=■ i J . . . 


lfnj||i[|pjrflifijfj i; 


k^A ^ i ^i=. 1 ji 


•=i in M, 1 1 
IP ir|l- '' ' ii Ifrl 


£piii||iiisiii!i|ii|if 1 


Ipm nnhmnitiiij^ 




iiiii§ii|pii'iiiiii!iiii I 



CATABACTSf AND INUNOATIOKS. 818 

SECTION IX. 

Cataracts and Inundations. 

1, Cataracts of the Nile* 

The bed and<:ourse of this river we have described in a previous 
cbapter. Through its ]oiig and fertile ruiige of about two thou- 
sand British uiiles, it has ofteu to wiud through abrupt and precL. 
|ntou8 countries ; and is not unfrequently streuglhened by other 
men, as well as occasoual lakes and rapids* In consequence of 
which it often exhibits very considerable cataracts or water- falls. 
"With. res))||Ct to the nuraber of these the dirt'ereut travellers are not 
agreed, some having placed in the catalogue, several of not more 
'tiiao seven or eight feet of perpendicular height, wliich others have 
rejected as too diminutive to deserve notice. We jnay safely ivtfirm, 
liowever^ that it contains not less tlian ten or twelve whose descent 
t<SNiy be estimated at upwards of twenty feet before it reaches the 
[i Jevel cf Egypt^ One of the chief occurs to the north-east of Mor- 
f .ebOy where the Nile, having traversed a long and rugged chain of 
jxaoontains^ throws itself down to a considerable depth iu a wide 
ipitous sheet, and form's the eatariict of Jan Adel at Janadil, 
eoostituting the seventh fall h\ its regular course. But that wtiich^ 
,iy way of eminence, is called the Cataract of the Nile, occurs ia 
.different country and a very different part of the liver, at the 
l^^oUoge of Atalata« near Dara. It constitutes the eightli cataract^ 
is thus described by Mr. Bruce : 
. Our horses were immediately fed ; bread, honey, and butter 
All had no occasion to cry. Drink ; il went about plenti. 
• Alijf and I would stay no longer^ but mounted my horse, tliinking 
^,«very mhmte that i tarried might be better spent at the cataract. 
..The first thing they carried us to was the bridge, wliich consists of 
arch, of about twenty.five feet broad, the extremities of which 
^iivcre strongly let into^ and rested on^ the soUd rock on both sides; 
|Lbnt fragments of the parapets remained, and the bridge itself seemed 
fAo bear the appearance of frecjuent repairs, and many attempts to 
I'iAiin it; otherwise, in its construction, it was exceedingly com|DO« 
if. .idious. The Nile here is confined between two rocks, and runs io a 
V. .deep trough, witli great roaring and impetuous velocity. Wie weM 
,.« told no crocodiles were ever seen so high, and were obliged to re* 
. : mount .the stream above half a mile before we came to t|iejc|itaia<;tr 
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throagb trees and bushes of the same beautiful and delightful ap« 
pearance with those we had ueen near Dara. 

The cataract itself was the most maguiticent sight that ever I be- 
held. The height has been rather exaggerated. Tlie tnissioiiaries 
say, the fall is about sixteen ells, or lifty feet. The measuring is» 
indeed, very difficult ; but^ by the position of long sticks, and poles 
lof different lengths, at different heights of the rock, from the water's ' 
edge, I may venture to say, }hat it is nearer forty feet than any I 
other measure* The river had been considerably increased by 
rains, and fell in one sheet of water, without any interval, above half 
an Btiglish mile in breadth, with a force and noii^e th;|^ was truly | 
terrible, and which stunned me, for a time, perfectly dizzy* A thick 
'ftime, or haze, covered the fall all round, and hung over the course 
ofthe stream both above and below, marking its track, though the 
water was not seen. The river, though swelled with raio, pre. 
aerved its natural clearness, and fell, as far as 1 discern, into a deep 
pool, or bason, in the solid rock, which was full, and in twenty dif* 
ferent eddies to the very foot of the precipice ; the stream, when k 
fell, seeming part of it to run back with great fury upon the rock, as 
well as forward in the line of its cpurse, raising a wave, or violent 
ebullition, by chaffing against each other. 

Jerome Lobo pretends, that he has sat under the curve, or arch, 
made by the projectile fcirce ofthe water rushing over the precipice. 
He says he sat calmly at the foot of it, and looking through the 
curve of the stream, as it was falling, saw a number of rainbows of ; 
inconceivable beauty in this extraordinary prism. This^ however, 
I, without hesitation, aver to be a downright falsehood* A deep 
pool of water, as I mentioned, reaches to the very foot of the rock, J 
and is in perpetual agitation. Now, allowing that there was a seat, ' 
or bench, which tiiere is not, in the middle of the pool, I do believe 't 
it absolutely impossible, by any exertion of human strength, to bafe 
arrived a] it. Although a very robust man, in the prime and vigour 
of life, and a hardy, practised, indefatigable swimmer, I am per* 
fectly confident I could not have got to that seat from the sboie 
through the quietest part of that bason. And, supposing the friar 
placed in his imaginary seat, under the curve of that immense arch 
of water, he must have had a portion of firmness, more than falls to 
' the Bhare of ordinary men, and which is not likely to be acquired la 
a monastic Itfb, to philosophise upon optics in snch a situation, where 
^ every thing would seem, to his dazzled eyes, to be in motioD. and 
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, in a noise like liie louilest ihunder, to make ihe solid 
k (at least as to seuse) sliake lo its verj foundation, and llirealen 
tear every nenre lo pieces, und to deprive one of' oilier senses be* 
» that of benring. It was a most magnificent sight, titat a^a, 
A In lUe greatest length of liumun lite, would not efBice or era- 
ale from my memorj ; it struck me with a kind of stupor, anr] ■ 
il oblivion of where I waa. and of every otber sublunary conceru. 
s one of llie most magnificeot, stupendous sights in tiie crca. 
, tliat4>h degraded and vilified )iy the lies of a grovelling {&- 
kic priest. 

I was awakened from one of the most profound reveries that £ver 
ItD intn, by Mahorael, and by my friend Drink, who now put lo 
■ a thousand im]>crlinent questions. It was alter ibis I measured 
t fidi, and believe, within a few feet, il was ilie height I biive 
Intlonefl ; but I confess I could at no lime in my life less promise 
I precision: my refleclion was suspended, or subdued; and, 
a sight of the f^ll, I think I wiis uuder a temporary aliena. 
■ of niind ; it seemed to me hs if one elemenl had broke loose 
1^ and become superior lo, all laws of suh ordinal ion ; llmt llie 
IS nf the great deep were again extraordinarily opened, uiitl 
fe destrucliou ot a world was once more begun by ihe ageucy of 

[Briici't^ Travels, Vol. f. 8uo. ' 

[ Faltt of the River Niagara, draizn up from M. Borassaxa'* 
Account. S>f Ihe Hon. Paul Dadh-?,, F.R.S. 
E falls of Niagara are formed by ii vast ledge or precipice of 
I roek, lying across tlie whole breadth of the river, a little 
fbre it empties itself into, or forms the liike Ontario. 
KAf. BorassHW says, that in spring IZS'^^i tiie governor of Canada 
iered his own son, with three other officers, to survey the 
Eagara, aud lake the exact height of ihe cataract, which Ihey ac- 
rdingly tlid wilh a stone of half n hundred weight, and a large 
d-liue, and found it on a perpendicular no more than 36 fathoms, 
igt et six brast. 
This differs very much from Ifae account Fatlier Hennepin ha* . 

I of Ihat cataract ; for he makes it tUD fdthomi, 
idem maps from liini, as I suppose, mark il at bUO feet ; but 
wlieve Hennepin never measured il, and there b do guessing at 
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WbcB I objected HcBoqiiii's accooDt of those lalb to M. 
Bonu*aw, he repiied, that accordmeij et err bod j had defscMicd oa 
ft as fi^bt, until the larte sonre%. Oa furlber dkcoorse he acknow- 
leti^td, that below the cataract, tor a gfcat «ay, tbeie were 
nomben of frmall iedget or stairs arroas the riivr, tbiit lowered it 
fttiJI more and more, ti!l too come to a level ; so that if all tbe 
descents be pat togef iier, he does not know bvt the di&rence of 
tbe ¥izter aliove tbe falls and the level behNr* may come up to 
fattier Hennepin; hot the strict and proper cataract on a perpeiu 
dfciilar i^ no more than 26 ^thoms^ or 156 feet, which yet b i 
prodigious tiling, and what the world I suppose cannot parallel, 
oonudering the she of tbe river, being near a quarter of aa 
Engli&h iui!e broad, and very deep water. 

Several other things M* Borassaw set me right in, as to the faib 
of tbe Niagara. Particularly it has been said, that the cataract 
makes sucli a prodigious noise, that people cannot hear each other 
speak at some miles distances ; whereas be affirms, that you maj 
converse together close by it. I have also heard it positively 
asserted, that tbe shoot of the river, when it comes to tbe precipice, 
ivas with such force, that men and horse might march under tiie 
body of the river without being whet ; this also he utterly denies, 
^nd says, the water falls in a manner right down. 

What he observed faitlier to me was, that the mist or shower 
which the falls make, is so extraordinary, as to be seen at five 
leagues distance, and rbes as high as the common clouds. lu this 
brume or cloud, when the sun shines, you have always a glorious 
rainbow* That the river itself, which is there called the rirer 
Niagara, is much narrower at tbe falls than either above or below; 
and that from below there is no coming nearer the falls by water 
than about six English miles, the torrent is so rapid, and having such 
terrible whirlpools. 

He con6rnis Father Hennepin's and Mr. Kelug's account of tbe 
large trouts of those lakes, and solemnly affirmed there was one 
takeu lately, th^t weighed 86 lb. which I am the rather inclioed 
to believe, on the general rule, that fish are according to the 
waters. To confirm which, a very worthy minister affirmed, that he 
saw a pike taken in Canada river, and carried on a pole between 
two men, that measured five feet ten inches in length, and pro* 
portipnably thick. 
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1 myself saw a cataract, three leagues above Albany, in the pro- 
vince of New York, on Sclieoectada liver, called the Cohoes, which 
they count niucl\ of there, and yet it is not above 40 or 50 feet 
perpendicular. From these falls also there ri^es a misty dond, 
« Mhich descends like small rain« which, « hen the sun shines gives a 
handsome small rainbow, that uiuves as you move, according to the 
«ngle of vision. The river at tiie Cohoes is 40 or 50 rods broad* 
but then it is ver^* shallow water, for in a dry season the iihole 
river runs in a channel of not more than 15 teet wide. 

In my journey to Albany, 20 miles to the eastward of Hudson's 
river, near the middle of a long rising hill, I met with a brisk noisy 
brook, sufficient to serve a ivater-mill; and having observed 
nothing of it at the beginuio«: of the hill, I turned about, and 
followed the coarse of tiie brook, till at leu^th I found it come to aa 
end, being absorbed, and siuking into the ground, thence either 
pa^ng tlirouoli subterraneous passages, or soaked up by the sand ; 
and though it be common in other parts of the world for brooks 
and even rivers thus to be lost, yet this is the first of the sort I 
have heard ot*, or met with, in this country. 

IPhil. Trans. 1722. 

Tlie Fall of Fibers. 

The fall of Fyers, is a vast cataract, in a darksome glen of a stu* 
pendous depth ; the water darts far beneath the top through a 
narrow giip between two rocks, then precipitates above forty feet 
lower iuto the bottom of the chasm, aod the foam, like a great 
cloud of smoke, rises aud (ills tlie air. The sides of this glen are 
vast precipices mixed with trees over.hanging the water, through 
which, after a short space, the waters discharge themselves into the 

lake. 

About Iialf a mile south of the first fall is another passmg through 
a narrow chasm, whose sid^s it has undermined for a considerable 
way : over the gap b a true Alpine bridge of the bodies of trees 
covered with sods, from \ihose middle is an aweful view of the 
water roaring beneath. 

At the fall of Folier the road quits the side of the lake, and ist 
carried for some space through a small vale on the side of the river 
Fyers, where is a mixture of small plains of corn and rocky hills. 
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Tliensnrcreds a long tini) Hrearv moor, a letliouj aticent tip iIjc 
OHiunUin See-cliiiimm or Cuiiinim'a Bent, wiiose siimuiit is vf ■ 
great lu-tgtit and vtty crHj,'i!y. Deiceml n stvep r«ad, \enve on Ihc 
ri)^t Loci I -Tu art', a ninBll irregular fnvet of water, decked with 
Itltk woolly tslri, and aiM)undiiig will) CHmt. Alter a second MtC'p 
desceot, rcHc-h Fort Aiiguslus •, a small (ortreM, seated on a plain 
aX (he head ut I^icli.Nvas, betncen the rivers Taarf and Oich ; the 
laM is conaideralil*?, and liaa over it a bridge nf three arc)i*^i. The 
fort consists n( I'uiir basliiins; uilliin is the governor's bouie, and 
barracks for 400 men : it was taken bv the rebels in 17 46, who 
iminedialvly deierled it, after deiiinliah:ii^ wh»l they cniild. 

Lock-Ness it twenty-two miles in len^h ; the breudtb from one 
to two miles, except near Caslle Urquhart, where it swells out to 
three. The depth is very great : opposite to (he rock called Ihe 
Horte-ikoCf near Ihe west eni)> it has been found to be i40 ^> 
ihonis. From an eminence near the fort is a full view of its whole 
extent, fir it is perfectly strait, running from east to wesl. with a 
|ioint to the soulh. The boimdary from the fall of Fyres is very 
sleep and rocky, which obliged G«nenl Wi^de to make that detour 
front its banks, part on account of the expense in cutting through so 
much solid rock, piirlly through an apprehension that in rase of a 
rebellion Ihe troops tiiiglii be destroyed in their march, by the 
tumbling down of Ktones by the enemy from above ; besides this, 
a prodigious arch must have been flung over the Glen of Fyers. 

TbU lake, liy reason of its grcal depth, uever freeaes, and dur. 
ing cold weather a violent steam rises rnim it as from a furnace. 
Ice brought from other parts, and put into Loch-Nesi, instantly 
thaws ; but no water freezes sooner than that of the lake whcH 
brought iulo a house. I ti water is esteemed very aalubriuiis ; so 
that people come or send thirty miles for it : old Lord Lovat in 
particular made constant use of it. But it is certain, whether it he 
owing to the water, or to ihe air of that neighbourhood, that for 
seven yeara the garrison of Furt Augustus had not lost a single man. 

The fisb of this lake are salmon, which are in season front 
Christmas to Midiuramer, (routs of about 3lb. weight, pikes aud 
eels. During winter it is Irequenled by swans anJ other wild fowls. 
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' Tbe gmiNl nx of »xliT ia Locb-Nes b feartm feH. 
I frum wbenw it t«rt»M ils »rf>l)n Me Lorli-Oich, 
t, and I»cb.Qiririi, Tbtir b bat rrri liltir oanviliaB 
ir nnlf reWI n a l^^Uj ^longing 'a tbe ft>rt, to biin* ibe I 
WbllM nst end, the titer N«« bvng loo shallow fi>r naiigatioa. 
1 1l i* noIeulU aviuinl b% llw wbkU. and a) limn Ibc nvcs »'i| 
NuTcubcr t, 1735, at Ibe s^me li 
iri^mtie al Lisbon, Ifipse nters were aflectrd in a fen vxInM 
I manner: Ibe; rose anO flot>e<l up Ibr like fmni rast t 
Siritfa nsi taipcluoHtj, and were carried above SOO j-ardsv 
E riwrOicb, bre9b);ig no ib banki tii a watv near 

; iheo cnotinueii ebbing sad flotring Tor ibe space of an hoiittV 
sat eleven o'clock a wave ercaler itian any of the re$ 
b tivFTt broke no the ootlh »td^j anH overfloKeH the buiik fSwl 
i extent of 30 feet. A boat near itie Gencrdl's Hut, loadeii vr'tttt I 
IukockI, wai tlince driven ashore, aiid ttftce carried bsdt I 
but tbe last time, llie tud.ler was brokm, tbe wood Torccd | 
[, and the boat filled with waier uiid left on shore. At the sanH 
', a lillle tale, in a small Inch in Badenorh, was lolitlty re 
d Bnd flung on the beach. But at both these places no agitb 
^itas felt on land. 

[Peanan/'f Tour in Scotland.} 

. Brief Survey of other remarkable Cataract*. 

old and precipitous country of the Alpi offers us a variety 1 

alls aad perpendicular torrents that are well worthv of « 

I&d esjMcially those sboul Mount Rosa, a northern bous. I 

^tluiont, and probably the Mons Sylvius of llie ancienia, ] 

o, ted by imnieroiia streams from St.(i»lhdnL J 

mis, and some branches of the Appennines, forms at Ol^ ^ 

ITli veilicttl cascadi; computed at 400 fathoms, or 2,400 fert 

e the torrent Kvanaoii, di-sccnding from an^tlhei part of AIouM I 

nbibits, about half a mile from Vemea, a fall of more thlJN J 

, ^nd rolls down pelibles of ciuartjf, veined with iha I 

isoccaMOtTally Itaced in the mouiilniiis of Chiillaiid. 

WCuteata del Marmore, or Marble Cascade, so denomh J 

rom the motiutaio down which the Velcino foils, being aln 

rtfaHyof m-Jrble, lies about three miles from- Terni, and the fi 

which is cut iti the rock in the side of the luouulai^ifl 
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is without railsy and very slippery, and consequently very dange^. 
rous to men and horses. Tiie traveller is struck with terror oa 
viewing the precipices, which are of romantic height ; but is suffi. 
ciently rewarded, when, on reaching tlie top of the mountain, he 
views the stupendous cataract formed by the Veicino as it rushes 
from the mountain. 

The river J after running some miles with a geutle course, reaches 
the declivity of its channel, which is shaded with many massy trees, 
covered with perpetual verdure, as are the mountains by which it is 
surrounded The waters afterward descend with a rapivl course for 
a short space, and tlien fall from a perpendicular height of three 
hundred feet, breaking against lateral rocks, which cause vapours 
to ascend much higher than the summit of tlie cataract, by which 
the neighbouring valley receives a perpetual fall of rain. After 
this descent, the waters rush into the cavities of the rocks, and 
then bursting through several openingS| at length arrive at the 
Led of the river. 

In Savoy, the Arvo runs for many miles between high, craggy, 
and inaccessible rocks, which seem as if split on purpose to give its 
rapid waters a free passage* The surprising echoes and continual 
sounds occasioned by its streams, the trampling of tlie horses aod 
luuies, the hallowing of passengers, ^. in those places, are revere 
berated three, four, and even in some parts six or seven times, 
%vith a noise so deep and wild, as to strike the traveller, unaccus- 
tomed to them, with terror ; and the firing of a gun or pistol, b 
here more terrible thao the loudest claps of thunder. The roads 
which are cut along the sides of the steep, and in many places are 
not above five or six feet wide, afiord, both above and below, the 
dreadful prospect of a steep precipice, with impending, monstrous 
rocks, that seem just ready to fall ; which, joined to the roaring 
of the river, adds largely to the general sublimity. Tlie cataracts 
of this river in several places are more or less loud and terrible, 
according as the waters arc mare or less swelled by the melting 
snows, with which the tops of tiie mountains are covered- One in 
particular, called by the inhabitants the Nun of Arpena, falb 
from a prodigious high rock with great noise and violence ; and its 
fall is said to be above eleven hundred feet. Over this river, tra- 
vellers are obliged to pass seven or eight times by bridges, some oi 
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Aidiare very strong and beautiful, and olhen so old and c 
^al it U almost impossible to cross lliem without danger. 
„ On tbe nntth-rastum coast of the Adriatic Sea, in Dal mat ia, the' 
r Cetlina forms a magiiilicFnt cascade, called by the nativei' 
Pe/ico Guliaviza, lo distinguish it from a less fall a little below. 
Tie Abhk Funis is almost the only traveller who speaks of llitt 
■tunil ciiTiosity, and to enable liim^lf to do it he wns obliged to 
Kpj and soniclimes to leap from one rock to auotlier, ia order 
» arrive at the station where lie could obtain a full vil-w of it. 
btwithstandins 'the difficulty of access, here, he says, the shep- *' 
trds. with Iheir leathern tlaiki full uf water, climb wiih surprisiug 
txteiity from thi; bottom of the abysses to the level tops of the 
Bis, where their thirsty flocks feed. If any of them miss 3 step, 
it inevitably fall, and become food for the vultures; but' 
iKh accidents rarely happen. The waters precipitate thetnselvcx' 
n height of above one hundred and fifty feet, forming a deep 
njestic sound, nhieh is heightened by the echo resounding be. 
f«n the steep and naked marble bauks. Many broken fragments 
r rocks, which impede the course of (he river afler its fall, breafc 
le waves, and tender them still more lofty and sounding ; iheir I 
Otl), by the violence of the repercussion, flies off iu small whita . 
Irticles, and is raised in successive clouds, which, by ihe agitaleit 
Ir, are scattered over the nioisl valley, where the r.iys of the sua 
tldotn penetrate lo rarefy them. When these clouds aicend i!i- 
IMtly upward, the inhabitants evpect the noxious south-east wind, 
rtiicb the Abhe slUes " the sciocco," and Iheir presage seldom 
lilf. Two hitge pilasters stand, as if lor a guard, where the riv« 
rites it* tali; one of which is joined to the craggy brink, having 
k t(^ covered with earth, and adorned wilfa trees aud grass ; the 
T is of marble, bare and insubled. 
Aboni a league from Schaflhauttn, at LaufFeii, in Swissertanrf, 
I a tremendous cataract on the Rhine, where the river precipilutes 
tsif ihiiu a rock said to be seveoty feet high, and ni;iety puces ia 
Mdlh. 

i Near the city of Gottenhurgh, or Gnlheburir, in Sweden, th« 
hrer Ootha rushes down from a prodigious high precijiice into s 
e*p pii, with a terrible noise, and such vast furce, ihat the Ircea 
esigPHl fortiie niasis of ships, which arc floated dowu the river. 
^ualljF tujueil upside down in llieii fall, and are fiequeully 
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ibaltercd to piecrd, Tb«y frequently dive so far under wglcr, uts 
(linppeiir for a (|iinrter of an hour, lialf an hour, and Mimetinttl 
three t|aarler) nf an boor. The pit into which the lomnl pnci' 
pilatei tbeni, is of a <lc|>lli not to he aHcerlained, huving \t\xa 
sounded wiih a line of several hundred falhums, without reuhtng 
llie kottoin *. 

Ill Norway, from ti)c mullttude of ii))rings that issue from it 
lofty iiiouutaiui, and the vast masses of mow accumulated on tbeil 
summits, which gently dissolve in summer, are formed inatjy Iskei, 
in some uf which are floating islands, and a comideMblc number uf 
fivers, the largest uf which is the Glommen or Glamet; but nose 
of (hem are navigable fur up tlie country, the passage being evcrv 
where interrupted by Tockii, and in same places by dreadful cilb 
nets, in which llie stream precipitates itself from (he height of forlj, 
fifty, and even a hunttrcd fathoms. The bridges over these li- 
vers am noi walled, but formed of timber cases Hlled wilh stooUt 
which serve for the piers on which the wooden-work is laid, Tbt 
largest bridge of \Wn Itiud has forty-three stone cases, aud is a 
hundred (Hices in length. la (hose places where the narrowness 
and rapidity of the current wiU not admit of tiuking such cases, 
thick masts arc laid on each side of the shores, with the largest 
end fastened to the r»ck$; one must heuig thus laid iu the water, 
another is placed upon it, rearhing a fathom beyond it, and llien 
a third or fourth in like manner to the middle of the stream, where 
it is joined by other connected masis from the opposilr side. Thui 
in passing over the bridge, especially iii the middle, it seems to 
awing, which, to those who are not used to such contrivances, ap- 
pears extremely dangerous: so that, filled with terror, paasengen 
alight from their horses, and lead tliem over. 

In England, in the county of Devon, the Taraar receives a small 
river called the Lid, whicli is peculiarly remarkable for being pent 
up wilh rocks at ihe bridge, and running so far below it, that the 
water is scarcely to he seen, or the murmurs of it to be iKsrd, la 
the astonishment of all strangers who have the curiosity to attend to 
these uncommon circumstances ; for the bridge is level wilh llie 
road, and the water runs nearly seventy feet below it. 

Within a mile of this place is a cataract, where the water falU 

•See Mr. Cordon's Mcoont of Ihli cuiious waierWl, Ph, Tians. furl' 
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L ibove a hundreil feet ; it conif s Trum a null at some i)ijl>iic«, nnd 

I after a course upon a descent ol~ near Bu liundrcd I'crt from Ihe Icvrl 

I of tbr nijll, ii urrivea at Ihe brink of llie precipicr. ulicncc it fait) 

f >» a beautiful nmnuer, nnd slrikuig upon a pari of th« cliff, rushct 

from it ID a widf r cataract to the bollom, where falling willi jjrcat 

violence, it makes a ileep iind foamiD^ bason in tlie gmiind. Tliit 

Wondertul fall of water causes the sut ronnilitig air at lite bottom to 

t>e so inipre^iialt^cl wilh aqueous particle;, that a {icrioti a|>|irQach* 

»ig it fioils himself in a mist. 

In the vale of Kingsilale, on llie weitern eatremil* of yorbsliire, 
u Vordas cave, whirh presi'nis a subterraneous cascade; this cave 
19 about fifly Taidt in length. But ihc ninsi rinlcd is We[hcrcot 
Hvc, nol far from Inglelon. It is siirroumlcd vvith trees antl 
slirubs, ia form like a Intenge, divided by an arch of lime-alone* 
passing under which )on behold a large cascade, falling fmm • 
height of more ihati Iwenlj' yards ( the length of lliis cave i* about 
lixly yards, the breadth tbirty. This large limestone base of In- 
glcborou^U is pcifurated in all directions like u iioney^omb. It ii 
tiie river Wease, ot Greta, which pervades the cave at Welhercol> 
and another at Gaiekirk, and runs not less than two miles under* 
ground. This stream must not be cunfnunded wilh the Greta, 
vrbicli falls into tbe Tees near Ram aril- castle, and risei near 
Brougb, in Slanniore ; two rivers, the Oiise and Ihe Swale, run- 
ning belvkixt tbem. Among other curiosities in litis neighbourhood, 
must not be omitted Plurllepot, a ronnd deep cuvily, near forty 
diameter, almost surrounded with rocks, about thirty feet 
■ndicular, above its black waters, while the ovetbrancliing 
increase the horrors of the scene. Not far to the sonlh-east, 
,■ lake called MalliamTam, of clear and very cold water, abound- 
in ([out. This is tbe source of the river Aire, which runs 
mile under-ground | and near it is Malham cnve. a kind 
amphitheatre, of nmooth perpendicular limestone, abnul ISO 
•t high in the centre. Tbe river ilibble, near ils origin in these 
( sinks into a deep cavern; and silently pervades the 
lountains for about three miles. Near Settle, al the bottom of 
some calcareous rocks, is one of the most remarkable ebbing and 
flowrag wells in thekingdi 

Mr. Housmau also gives a good account of these curiosities, lie 
•baeivei, p. 2S, (liat tocki are in Cumberland called Linnt, 



I 
J 



£24 SPRINGS, RITERS, CANALS, LAKBlf, 

(whence the name is in Scotland apph'ed to a cataract) ; and Sonf 
Milk Force, near the botlom of Buttermcre lake, is auppused to 
fall upwards of 300 yards. A curious cave was lately discovcreff« 
p. 83, by miners near Crossfell, said to be two miles in length, and 
full of splendid spars. Gordale Scarr, p. ] 99, near Malham cofib 
is a dreadful rent through high rocks, worthy of the attention of a^C'*^ 
curious traveller. ^ * ^' 

Tlie cataracts in Cumberland are rivalled by a remarkable fUl or 
the Tees, on the west of the county of Durham, over which if a 
bridge suspended by chains, seldom passed but by the adventuroiH 
miners s nor must Asgarth force, in Yorkshire, be passed ia '^ 
silence. 

In Perthshire is one of the most considerable cataracts in all Scot- 
land: it is on the river Keith, which is famous for its salmon- 
fishery, and is near the Blair of Dromond ; the violent noiN < 
produced from thb fall of water is such, as to stun those who ap- 
proach it. 

The western coast of Ross.shire, is peculiarly distinguished by 
natural curiosities of this and similar kinds ; especially by 
the grand cataract of Kirk AG river, and the cave of Ganob* 
MAN, near Assynt point. The cascade of Glamma, in the heights 
of Glen Elchaig, Is truly sublime, amidst the constant darkness of 
hills and woods. Ben Nevis will, of course, attract notice from '.] 
its singuku form and elevation. According to Mr. Williams, it ; 
consists of one solid mass of red granite, which he traced at the ] 
base for four miles along the course of a rivulet on the east ; the 
hci(;iit of this mass he computes at 36O0 feet, and above it are •. 
slratilied rocks, the nature of which he does not explain; but, he 
says, that those on the summit are so hard and tough, that wrou^ 
iron falls short of them. The stupendous precipice, on the n 
east side, exhibitsal most an entire section of the mountain. Ii 
Arg^Ieshire, the maiine cataract of J^ch Etif, the beautiful lali 
of Awe, and environs of Inverary, present the chief objects of 
curiosity. . j 

The Shannon, which is the largest river in Ireland, ofiTers a 1 
prodigious cataract. It rises in the county of I^eitrim, in the pro- 
vince of Connaught, whicli it divides from IxMuster and Munster, 
and running from north to south, after forming several lakes, turns 
to the west, and faiU into the Atlantic Ocean, after a course of 
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hiindri'd and forty •five miles. This river is in most parts wide and 
deep, and has within it several fine and fruitful islands, with a 
fertile soil on both its banks : but it is not navigable above fifty 
miles for ships, on account of its cataract. 

At Powerscourt we also meet with a noble cataract^ where the 
water is said, but probably with much exaggeration, to fall three 
bundred feet per|)endicular, which is a greater descent than that of 
any other cataract in any part of the world. 

North America in its lakes and cataracts surpasses all other 
parts of the world. That of Niagara we have already mentioned. 

The Falls of St. Anthony, on the river Mississippi, in lati. 
tnde 44^ 30^ north, descfend from a perpendicular height of thirty 
ftet, and are upward of two hundred and fifty yards wide, whilst 
the shore on each side is a level flat, without any intervening rock 
or precipice. 

There are no remarkable rivers that extend far i to the state of 
New Jersey; but that named Passaick^ or Pasaic^ which dis- 
chaises itself into the sea to the northward of it, has a remarkable 
cataract, about twenty miles from its mouth, where it is about 
forty yards broad, and runs with a very swift current, till arriving 
at a deep chasm or cleft, which crosses the channel, it falls about 
seventy feet perpendicular in one entire sheet. One end of the 
cliff is closed up, and the water rushes out at the other with incre. 
dible rapidity, in an acute angle, to its former direction, and » 
received into a large bason. Thence it takes a winding course 
through the rocks, and spreads again into a very considerable 
chamieK The cleft is from four to twelve feet broad. When Mr. 
Barnaby saw it, the spray formed two beautiful rainbows, a pri« 
uary and secondary, which greatly assisted in producing as fine a 
Bcene as imagination can conceive. This extraordinary pliaeno- 
menon is supposed to have been produced by an earthquake. 
What greatly heightens this scene, is another fall, though of less 
magnificence, about thirty yards above. 
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SECTIOK Xm 

V 

Lakes f Lochs J and Loughs* 

I. Introductory Remarks^ 

These terms are 8ynoii}inous« or rather, perliapi^ may be re^ 
|:ar<le(i by the etymologist as universal ; for the lough of Ireland is 
the loch of Scotland, and both are the lake of England $ each tem 
being derived from the Latin lacus^ or the Oreek Aoxxo^, of soni. 
lar import, and varied in its orthography and prouuDciatioo bj t 
mere provincial distinction^ 

Lakes or loughs have a very close connexion with bogs^ as these hat 
have with moors or mosses: a bog or moss being little more tbia i. 
lake loaded with vegetable matter, usually of aquatic origin *. Thii 
comiexioD is well pointed out by Mr. W.King in the following ir. 
Iicle> chiefly devoted to the loughs of Ireland; aod which we tab 
fr^m the Philosoplucal Transactions. 

As to the origin of bogs, it is to be observed, that there art 
few places in our northern world but have beea noted for 
them, as well as Ireland; every barbarous ilUinhabtted coantiy 
has them. — I take the loca palustria, or paludes, to be the veij 
same we call bogs, the ancient Gauls, Germans^ and BritoM^ 
je4Aring^ when beaten, to the paJudes, is just what we have es> 
j)erieoGed in tiie Irish, and we shall find those places in Italy that 
were barbarous, such as Liguria, were infested with them, so that 
the true cause of them seems to be the want of industry. To show 
ibis, wc are to consider, that Ireland al>ounds in ^rkigs ; that tbetf 
spriugs are mostly dry in the summer, aud the grass and weedf 
grow thick about those places. In the winter they swell and nll^ 
and soften and loosen all the earth about them. Now tbat swerd^ 
or surface of the earth, which consists of the roots ef grass, bciif 
liAed up and made fuzzy or spongy by the water in the wnter, ii 
dried iu the spring, and does not fall together, but wither in m tiA 
and new grass spring through it, which the next winter is agah 
lifted up ; and thus the spring is still more and more stopped, aoi 
the swerd grows thicker and thicker, till at first it makes what ii 

* For bo^, mosses, and the production of peat,, see chap. sxTi«.of tlie pK« 
fent part of nor work* 
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tailed a quaking bng, and as it riaes and beromes drier, and the 
p9ss roots and olher vegetables become more putrid, together with 
1h€ mild and slime of llie water, it Hctjiiirea a bjatkness, and becomea 
what is calkd a tiirf bog. 1 believe when the vegetables rot, llie 
saline particles are generally carried a way with the water, in whiclillieir 
are dissolved ; but the oily or sulpliiireoiis remain imd float on ibe 
water; and this is thatwhichgive»turf its iiiflaniinability. To make 
ihk appear, it is to l>e observed, that in Ireland the highest moun- 
tains are covered with bogs as well as tlie pluins, because the 
■nnunia ins abound much in iprings. Now these being uninbabiled, 
■nrl no care being taken to clear the )tpring9, whole mouotitius arv 
thus over-ruawith bogs. 

It 18 lo be observed also, that Ireland abounds in moss more than 
probably any other country, insomurh lli»t it is verj apt to spoil 
fhiil-trees and quicksets. This moss is of divers kiads, and that 
which grows in bogs is remarkable ; for the light spongy turf i« 
nothing hut a congeries of the threads of this moss, before it be 
suflicieolly rotten; and then the turf looks white, and is light. It 
is seen iii such quantilies and is so tough, that the turf-spades can- 
not cut it. — In the north of Ireland they call it old-wiveii tow, as i( 
is not much unlike flax ; the turf-holes in time grow up with it again, 
as well its all r he little gutters in the bogs; and to it the red or turf- 
bog is priibiably owiug ; and from it even the hardened turf, when 
broken, is stringy, though there plainly appear iu it parts of other 
vegetables ; and it is probable that the sred of this bog moss, 
wben ti falls on dry and parched ground, produces heath. 

It is further lo be oliserved, that the bottom of bogs is geaerally 
a kind of while clay, or rather sandy marl; that a little water 
makes it exceedingly soft ; and when dry, it is all duil ; so llial the 
roots of the grass do not slick fast in it ; hut a little wet looseoa 
them, and the water easily ^ts in between the surface of the earlb 
aod (hem, aud lifts up the surface, as a dropsy doth the ^Jn, 
Again, bogs are generally higher than the land about iheiUi and 
btglwst m the middle ; the cliief ^ring^i that cause then) beiug com* 
tnonly about the middle, from whenre I hey dilate themselves bj^ 
degrers ; and besides if a deep trench be cut through a bog, you 
will tiud the ori;:iiial spring, and vast quitntities of water will b< 
discUarged, and the hi>t; tiubsidc. 

It mukl be allowed thai there are quaking bog^ Qthertvise pro. 
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fliirei}. Wbeti a stream or sjirmg rum tlir«ui;li n flat, it fills vilfa 
wvpdg iti suniiner, and ItPes full actosa anil clam it uji ; Ihcnio 
wiiim ihewstprslMgiiales more and more evprj jear, till lliewbslc 
flnl i>>r<ivered: (hen lliere frmws iip a coarse kind of graM pKiiliai 
ro ihrse bogt ; IIik ^ra*s urnws iu tulis, ani) their root* coniio1id«lt 
tofelher, and warh pn'w hiuber, even to llie lM'i(>b< of u man; tjit 
gmss foN in winter, and tall on iIik lufts, atid ihesecd wHtt it, which 
springs up next vfar, and so still makes an additloa; suinetiitieB tbe 
tu|is of flags and e^an are interwoven uii the surfitce of ihe waltr, 
and tliii gradually brromes thicker, till it lie like a covur on the 
water; iben herbs take root in it, and hy a plexus of Ibe rooti 
it becomes »erv ^trimi:, m a> to hear a man. Some of these h*^ 
will riie before ami behind, and sink where a man stands lo a cnn* 
siderable depth ; underneath is clear water: even these in limewiU 
become red hogs : bill may easilj be turned into meadow by ele«- 
inpa trench to let the natcr run oft'. 

The inconveniences of these bugs are very great ; a considerable 
part of the kingdom bemg rendered useless by them ; tliey kt*f 
people at a riisiaiice from each othfr, and consequently hiteirupt 
tt)em in their afikirs. Generally, tlie land which sliuuld be our 
nieadoMs, and the finest plains are covered with "boirs; Iliii is ob- 
served over all Coiinaught, but more es))ecia1ly in Longford and 
also in Wciitmeatli, and iu the north of Ireland. These bogs greatly 
obstnict the passing from place \o place; and on this acconnt the 
raadsareverycro(iked,ortheyareinadeat vast expense through bn^ 
Tile bops are a great destruction tomttle, the cliief commodity of Itv> 
laud : for in the spring, when they are weak and hungry, the edgn 
of the bogs have commonly grass, and the cattle veMuring in to |«t 
it, tail into pits or sloughs, and are either drowned or liurt in 
pulling out; the number of cBllle lost this way is Incredible, lift 
bogs are a shelter and refuge to outlaws and thieves. 

The fogs and vapours that ari*e from them are cnmmnnly putnl 
and stinking, and nnwholesome : for the rain Ihat falls on Hiem will 
not sink, there being hardly any substance of its softneiu more i«' 
penetrable to rain than turf, ami therefore rain>wBler atands W 
tliem. and in their pits, where it corrnpts, and is exhaled att by ifa 
sun, very liltle of it running away, which mnst of necessity tofrct 
the air. The bogs also corrupt thi' water, both as to its colour ami 
-iBsle ; for the coloui of the water that ilaads iu the pUsa oc Ikl oft 
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lesurfiiceof tlir boga, h linctiired by the reil>iUli black colour -of 
me turf; utid when » aUauibt couie» ibat niakfa lliesL' pits uverfluw, 
T litirlurts all it meets, and jjives bulb its 
colour Hnd slink In nyaay of ibe rivers. 

Tlie nulives however hud foritierlv snriie aitvanlage (tvm llie 
woodi and bogs ; Hsbyllipni ibej wereprvstrvtU froiiMlt« conquest 
of the £iiglisb ; and probably a Ijtile reineinbrauc« of ibis ruakea 
tbeni tlill build uear llieiu : tl was tben Hn advaiilafje lo Ibem to 
have Ibeir country impassiible, and llie ft\ver strangers came near 
tbem, lliey ]iv«d the easier; fur lliey bitd no inns, every house 
where you caiue it as your inn ; and you said no more, but put off 
your brogues and sal down by the fire; and still the natural Irisli 
liate to mend high-ways, and uill often shut thrm upi and 
chaoge tliem, beiii!; uuwilliug siraiigers sbnulti coiue and burlbeu 
tfaein. Though they are very inconvenient, yet they arc af some 
use i for most jiersuiis have their .fuel from them. Turf is ac- 
counted a tolerably sweet fire; and buving very iinpulilicly de- 
atroyed our wood, and not as ytfl found &lulu: coul, except hi few 
places, we could hardly live wilboiil some bug«; when the turf is 
charred, it serves to work iron, and even to make it a bloumery or 
iroti-work : turf charred I reckon the sweetest and wliolrsumest tire 
tltat can be ; fitter fur a chamber, and for consumptive people, thai) 
cither wood, stone coal, or charcoal. 

Turf-bngs preserve things a loug time : a corpse, will lie entire iii 
one for several years ; also trees are found ^ouod and euiire in them, 
aiid even birch and alder that are very subject lo rot; such tieea 
burn very well, and serve fur torches in the night. 

All the inconvenieiiecs of llie bogs iiiuy be remedied, and may Jte 
itiade useful by draining them ; anil all or mast of them have a suf. 
licient fall for that purpose. The great objection against them is 
the expence, aud il is commonly thought that it would cost much 
piore than would purchase au eqnal piece of good ground; for au 
acre of good land in must parts of Ireland ti about four shillings pei 
anuuin, and the purchase fourteen or fifteen years, so that three 
poiuid« will purchase an acje of good laud ; aud it is very doubtful 
wbelber that sum will reduce a bog ; but this is far from the fact, 
as must bogs would well reward itie enpeuse of draining 1heJi>. 

As to loughs <ir lakes, the natural iiuprOvemenI iif them, h firsT to 

drain them as low as possible; and iheu turn ibe residue uf llie wa* 
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trr inta fiih-|ionils| bj plmiling h ti'w trees about llieto, thtj nu;r 
be made bolli useful and <iriia mental. Ai tu tliosi! ptucei nlled 
turlaiii;b9, quasi icrreni tucut, ur lanit-lukes; \\ivy attswer Ibt 
name vcrj well, being lakes oue fiiiit of tlic jear of cnnftidenible 
depilif anil level stiioolh fieldii llie rest. There «re holes tn tlicH, 
out of witich Iht wBler rises in wiuler, and retires a^aio in Buinnwri 
many hundred acres being drowned by Iheni, and (liuse tiie Hioit 
pteawnt and pmlilable land in ibe country : the snil is commonly ■ 
luarle, whidi, by its slifliiess, hinders the water from turning it into 
a bog ; and iinmcdtately when tlie water is gone, it liardena, and 
becomes an even grassj field ; tliese, if they could be draiued, wodd 
be fit for any une ; tbey would make meadow t or bear any gniS) 
but especially rape, wliich is very |n'»filable. The lakes arc chkfl;r 
in Conuaiight ; and their cause a olii ious enough, it being a t\aaj 
hilly country; ibese hills have cavities in Ihein, through wbidi tbe 
wuler paues : il is common to have a livulet aink on one i\Ae of I 
hill, and rise a mile or lialf a mile from the place : the brooks an 
genemlh dry in summer ; the wuler nnkiug bettveeu the rocks. Bad 
running under ground ; insomucli as that in some places where ihvji 
are oveifiowcd In winter, tbey are forced in sumnitT to send their 
nitle many miles for water. There is one place on a hill ntu 
Tuani, belween two of tbese turlouglis, Hbere there is a bill n^kd 
tile Devil's Mill, at which a great noise is heard, like thai of wttir 
under a bridge : when there is u fiood in winter, one uf the tnt- 
longlisoverflows, and vents itself into the hole, and the liaise |)ro> 
bably pioceeds from a sut>terraiieou» stream ; which in suminer fail 
luoiu tnough to veni all its water j but \a winter, when rain fiilli, 
the passages between the rocks cannot discliarge it, and llierelote il 
regurgitates and covers the fiaU. 

Tbese lurluughs are hard lo drain ; being often encompassed willi 
hills, and then il n not to be accomplished: uflen they have u venI, 
by which ibey send out a considerable stream ; and then it is onl; 
making that passage ax low as the bottom of the flat, and that will 
preveul Itie oveiflowing; it somelimea happens that the flats arau 
low as Ibe neighbouring rivulets, and probably they are tilled by 
them ; and then it is not only necessary to make the passage fron 
Ibe fiat to the rivulet, but also to sink the rivulet, which is veiy 
troublesoiiK, the passage I0 be cut being commonly rocky. 

{Phil, Trani. Abr. i685.J 
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4. CeneratSmrveT/ of Lakes chiefy worfhif of Nulice in different 
Quarters of the World. 
This interesting brancti of natiirnl science extends so wiilelj', aud 
is (o eH)itivatifig troui tlie bcaulj dud rarieiy of tlie features it uii- 
fuldi to u% timl it is ditHciilt M comprise the present division wilhin 
dne bnuuils. We shall limit it, however, to llioae takes wliicli |>oi. 
sess suincwliat of a general chitracler, or at least whose chitracter a 
not so promitieut a« to be entitled to any peculiarity of deliuealion ; 
and shall rexerve a few of tbose of tbis last descri|ition for snolbpr 
division. 

^R Asia. 

^^Bii describing the most remarkable lakes wliicli are found it 
^^tts oft[ieworkl,uesliiii1 begin with tbat large body of water wliich 
I bimproperlj called the Caspian Sba, as it has no visible connec. 
lion »ilb the ocean, uor docs it ebb and 6uw ; but it is undoubtedly 
the gwatest Jake in tlie eastern lieniiapbere of llie globe. It is bounded 
on the nonb by rbe coonirj of the Calmuc Tartars, on Ilie east by 
Bacharia and part of Persia, on the south by auullicr |)att of Per- 
sia, aud on the west bv Persia anil Circas^ia. it is situated betH'een 
3e*40'and *?°iiorlh lalitude, and between 4?" 50' and 50" cast 
longtiuile, and is about four bundled miles in length from norlb to 
Muth.and three bundred in bieadlli from east to west ; but in many 
places it is mucb narrower. The water is salt ; and, at some dis- 
lauce from the uliore, Mr. Hanway endeavoured in vain to liad a 
bottom with a line of fuui hundred and filiy fathoms. The water baa 
risen, within the fast half ceniury, so considerably, that it has made 
great inroads on the Russian side fur several mites, both to the east 
and west of (he Volga, and has lendtred the adjaceiit country ex- 
tremely marshy. 

Th« lake Baikal, in Siberia, on the road between Moscow and 
China, is of great extent from north to souih, but narrow in breadth, 
naching from b V to 55° north latitude. It abounds with sturgeon, 

tlhal amphibious animal the seal. 
Afkica. 
HE lake of Dahbea, iu Upper Ethiopia, is tlie only one wmrthy 
of noliteiii this arid and sandy quarter ol ilie world, and ii called by 
the natives the sea of Tzana, from die largest island in it. This lake 
fi4 
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and about forty miles io breadth. It abounds with fishes, and runs 
iuto the* gulf of Fiulaud by ibe river Nar\'a. 

In Swede*! Proixr, %i bicb ha- iiiauy rivers, tliere are a still greater 
number of lakes. The principal ot the latter is the lake of M aler, 
which is situated bett^eeu Upland, Sudernianlaiid, and Westuiau* 
land. It is se vent) -two niil«-s in Irpglli, yields great plenty of fishes, 
and is said to contain twelve hundred and ninety i^lands. It has a 
communication with the sea through the mouths of the north 
and south rivers, which enter it near Stockholm, and its banks are 
beautifully diversified with towns, casties, churches, noblemen's 
seats, and olher edifices. 

There are twcntv- three lakes in East Gothland, the most remark, 
able of which is the Wettcr, which extends ninety miles in length, 
and fifteen in breacith, and contains luo or three islands. It has but 
one outlet, which \s by the river MoialH, though above forty little 
streams dbcharge themselves into it. This lake is said to lie above 
a hundred feet higher than either the Baltic or the North Sea, and is 
deep and clear, but very boisterous in winter. Along the banks 
of the lake Wetter, are found agate, cornelians, touch stone, and 
rattle-stone. 

Tlie celebrated lake of Zirknizer in the Germanic province of 
Camiola, we have already described *; it takes its name from the 
neighbouring market-town, and is encompassed with wild, rough, 
and stony mountains ; but round it also lie two citadels^ nine vil. 
lages, and twenty churches. 

The lake of Constance is one of the great lM>undaries which se. 
parate Swi»serland from Germany ; the broadest part extends into 
Swisserland, while that towards Germany divides itself into two 
arms, one of which is called the Zellersee^ or lake of Zell, and the 
other the Bodmen, Ueberlingertee^ or lake of Ueberlingen. In the 
latter is the island of Meinau, which is about a mile in circumfe- 
rence, sind not many years ago belonged to the knights of the Teu- 
tonic order; in the former is the island of Reichenau, The whole 
lake, from Bregentz to Zell, is also distinguished by two appella. 
tions ; the part from Bregentz to Constance being called the Upper 
Lake J and that from Constance to Zell the Lozcer Lake : Mr. 
Coxe calls it " the Inferior Lake of Constance, or the Zeiler See ;" 
the extent of which from Stein to Constance, he says, is sixteen 



* See Sectlou iv. 6, of the pretenl cbapter. 
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miles* and from the latter to Zell, its greatest breadtb* about ten. 
The latter is between twenty and thirty iBthoii» deep, aod has along 
its banks many cities^ towns, and villages ; yet the Upper Lake sur- 
passes itj for it is no where less than fifty fathoms deep, and its 
greatest depth is said to be three hundred and fifty ; but it is coiu 
siderably deeper in summer than in winter, occasioned by the melt* 
ing of the snow upon the neighbouring mountains. Here is also 
its greatest breadth ; for between Buchorn on the one side* and 
Robchach on the other* is no less than live leagues. Near JLiadaa 
and BregentZy be«i;ie the fishes commonly caught in those parts, is 
a kbd of sahnon>tront, which being pickled, when full grown, are 
exported as a rarity. They generally weigh betweea thirty -and 
forty pounds. As the fishermen cannot always make a good mar« 
ket of such large fishes* they tie a bit of wckkI on a line* which 
having passed through the fishes gills* they throw tli«m again into 
the water, and tie the other end of the line to a stake. near their 
huts ; thus, without any danger of losing their game, allowing them 
a range of thirty or forty paces to swim in, and preserving them 
alive and sound till tliey meet with a market. These fishes am 
caught only three months in the year. 

In the middle of the Lower Lake, the island of Rbichbnau 
lies ; and on account of its fertility, and the wealth .of the abbey 
built there, is not improperly styled Reickenau^ or Augiu-divet. 
Tlie island is about three miles long and •ne broad* abounding with 
fine vineyards, and all kinds of fruit. 

The lake of Geneva resembles the sea* both in the colour of its 
water, the storms that are raised on it, and in the ravages it makes 
on its banks : it is as little subject to frost as the lake of Constance. 
It revives different names from the coasts it washes, and has ia 
summer something like the ebbing and flowing of the tide^ occa* 
sioned by the melting of the snows, that fall more copiously into it 
at noon, than at other times of the day. It has, or rather bad* 
formerly, five different states bordering on it ; France, the duchy of 
Savoy, the canton of Berne* the bishopric of Sitten, and the republic 
of Geneva. This lake is in shape like a half-moon, whose convex 
side looks towards Swiitserland ; so that it is sixteen leagues in length 
on this side, while towards Savoy it does not exceed twelve. It 
is pretty narrow at both ^nds ; but widens by degrees to tlie 
niiddle* where it is twenty-five miles over. As to its depth, it is 
said in some places to be oDfathomable* and is therefore navigable 
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by larger vessel* ilian are communly seen in rivers. Near Vilie- 
oeuve, ibc Ktiooe diKliurges ilaelT iulu it Mitli such lapittily, lliat 
for rlie disl-rince of half aleugue, (lie Hvei walcr, which is vrry foul« 
coiiltixies uuiutu-d with lliul lake, wbich is very dear : " but nl^r- 
warH," Mys Keyslrr, " there ii> ou visible >li«iiiicli<in, ibough varioiu 
aiiricni, imd scvcml nioilern urileritt affirm the coolrdi)." For- 
merly I his lake ittlorded trouls of fitly or sixty pounds weight; but 
mow OIK of twenty or tliirtj is reckoned very Inrge. 

The KItnne, aiitseffiiix, t'ornu an islHtid, on wliich, together with 
the banks on boib side.*, stand* ihe dly ol Geneva, which is tiiui 
divided into three uueqiial |)arls, that huvt a comiiiunicatioi) by four 
briitges, and is situated in 46' 13' north lalitudct Hiid in 6" ea«t 
loii°ilude from (ireenwicli. Tlie greatest part of llie city is seated 
OB a hdl, and bns its view bouuded on all sides by several ranges of 
■lounlaius: but iliese ate at so great adisiance, Ih^iliey leave oprii 
a surprising vuriciy of beautiful (irosprds, aitd, from iheir siiuatiou, 
cover the country they inclose liom ';ill winds except ibe south and 
noilh. To Ihe last of which ibe inhabitauls of tills dly aicrilie (he 
henUhfulness of the air ; for as tbe Alps surrouud llie cily on all 
sides, lormiiig a va>t basun, within whicb is a well-watered couuiry, 
ibere would be a constant 9ta<>natioa of v<tpour<, did iiot ttic north ^^ 
wind put IbeBi in motion, and scatter ihew lioni lime to tiute. ^^H 
From Ibis situation, as Mr. A<Id>«oa obieives, the sua rises Ulcr at ^^| 
GeiKVa. anil sets sooner, tkau in olber pbces of th« same latitude ; ^^1 
tnd the lops of ibe neiglibouriog mountains are ciivcred with ligbt 
above half an hour after ihe sun is down at Geneva. These inouu- 
tMVA also niucb increase Ibe beais of summer, aud ferai au liorizou 
tfaal has sometbbg ver^r singular and agreeable. On tlic one ItaiMi, 
a long range of bills dirt iti f ut sh e d t*; tlic nauie of Mauui Jura, i« 
covered with pasture lod vinejanls; aad on ibe odier, buge precs* 
, pices, formed of u^ed loek*, hie a a iLnynanrt odd ligyre*, aad 
being ckfl n some placa, d«sca*er bigb Mooolaiui of mh>« U iha 
distance of several leagae* bebiad iktm. To Use Nwliiwardt the 
hills rising nofe bscmiUj, ofmi Ut Ibe ejc a vail UMRicrtapt*4 
prospect; b«l Use mmi boMtiliii vieo m UuM ol ibe lab, and it» 
borders, wUch lie MMih of Ibe Iumsi. TWre arc lew of the 6wim 
poets who ban mt adtsoolcdcid Uw iaapintlKin of Ikts cndnMtiaf ^H 
Bcenet;. ^^M 

Gcaen b by &r Ibe bmI pop ulam Iowa ia SwilxcHatiJ, i|« Jb. ^^| 
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liabitanfs amounting, according to Mr. Coxe, to twenty-foor Ihoa- 
•aud souls ; whilst Zurich, which comes ne&t to it in nMped of 
population, contains scarcely thirteen thousand. 

The lake of Zurich is one of the largest in Switxerland (those of 
Constance and Geneva excepted), it being, according toMr. Co<ei 
Bear ten leagues in length, and about one in breadth. Thtt prospect 
from it is extremely delightful, the little eminences by which it ii 
bordered being all over diversified with corn-fields, vineyards, vil« 
lages, and lowns : farther back is il gradual ascent of larger hills, 
terminating in the stupendous mountains of Claris, Scbwitz, and the 
Grisonsy whose summits are always covered with snow ; the whole 
forming a scene truly picturesque, lively, and diversified. The Rhine 
waters the north side of thecantou of Zurich, where it is joined by 
tlie Thnr, the Toss, and other smaller streams. Ont of the lake of 
Zurich issues a river, which flows through the town, and having a 
little below it received the Hill, begins to be called the Limmat; 
till traversing the country of Baden, it at last loses itself io the 
Aar. 

The lake of Yvbrdun, or Neuchatel, stretches, from south 
to north, about twenty miles in length, and iu some places about 
five miles in breadth. According to M.de Luc, this lake b a huo- 
<lred and fifty-nine French feet above that of Geneva. 
■ The lake of BoDROET, in Savoy, is remarkable for breeding a 
fish which is unknown in other countries, called lavareita *, which 
frequently weighs four or five pounds, is sold for a good price^ and 
is extremely well flavoured. 

The lake of Urana, in Dal mat ia, which is seated on the north* 
eastern coast of the Adriatic Sea, and is described by the Abb6 Fortis 
as of twelve miles extent, deserves to be mentioned on account of a 
project which was formed by a private person, and partly put in exe- 
eutioii, to cut a passage by which the water might be discharged 
into the Adriatic : the course was to be cut through an isthmus of 
solid marble for half a mile ; the attempt, however, was soon aban- 
doned. The object in view by making this outlet, was to drain, 
and, if possible, to render fit for cultivation, about ten thousand 

acres of land, which lay overspread with water. The Abb6 inspected 

■*■-- ■ ■ ■ ■ ■ ■ ■ . 

* This s the common opinion : but it is not quite correct. The lavaret is 
met with also in many other parts of Europe towards the north. ^ It is a species 
of goinia^ thesalmolavurettus of Linnto. — Editor. 



U eflbri, sccompanied bv tlie Bishop of Derry, BftMMardi Earl of 
HDil it appeared tu tliem at (lie lime lo be allogellicr illu- 
sory. 

Cherio is a fruilfiil islaii<{, at one time belonging lo liie Veneliani, 
tmi which was once miirli mnre consiilerable ibaii at pr<-M;iil ; here ' 
stooil an ancient temple iw Diaita, which formerly (ja»e name to ihe 
islntKl, anil n noticed by Apolloniu^ of Ithodes. It h lilualcil In i 
ICUlfi formed by the soiilii^easleni eonst of Ulrin with ilie ihorei of 
Croatia and Dalmaiia, latitude 45° K/ nortli. On tlii!i island u do 
river, but u lake whiah possessfs very «ini;ular proprrliei; it is called 
Jetiero, analogous In Jezoro, a word still med b> the Pidrs to ex- 
press a lake or standing pool. Tlie water h tiot always constant in 
its confines 1 sometimes it leaves a part dry- for three or four Jtan, 
and (hen rises a;>nin ; at ulber limes it Hues above iti n^ual levclf 
and after a certain lime forsakes the usurped c""""! '■ 'I '" Pro- 
prietors of the contignons lands sow tbeni, when free of the wattr, 
and know bow to Take their lueasiirea by Dhsciving tlic ordinary pe- 
riod*. The dtil year they sow maize, or Indian corn, which yielilt 
no great crop, on account of the weeds lliat aprinii up with 111" urain, 
■ud which are not then to be exlir|iated, but llie tttu or three inb- 
wqueat years lliey have very plentiful crops by towini; wln-al TIme 
fifth year llicy forbear to sow, expeclin^ ibe ritiuK uf the walrrs, 
which seldom fails to happen. . In Ibis lake are |itk«i of ubotc thirty 
pounds weisht, with tetiches, eels, and other fmli-watct fitb of et. 
quisile taste. 

Venice, the capital and formerly seat of government of lh« 
republic of that name, is situated in 46" 96' norili Ialitud«i aiid 
in I'2°4'ea9t longitude from Oreeiiwith, and from Its Iji|[uiia 
is entitled to a notice in the present place. It mnkri « wry 
noble appearance at a distance) teeming, from il« Ih tni kutO 
on a multitude of very small island*, lo float on llie mn, or 
nther, with its stately buildiuKs and slerplei, tu rtw out of U. 
The number of these inlarnls Ntill remains uricer lain, soinr rrrlum' 
ifi^ sixty, others sevenly-two, and ulhcn asain atsedintf thai lliojr 
amount to one hundred and thirty-cighl g but llir Ullvt tniiil 
comprehend in (heir calculation all (boM fhtix* tlial hava bwvii 
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gradually raised in the Lagnim, bj driving piles in the grovndi and 
building on them. 

The Laguna, or marshy, lake, which lies between the city and 
the continent, is five Italian miles in breadth, and too shallow for 
large ships : by the attention of the republic it is prevented from be. 
coming a part of the continent, and from being ever frosen so as to 
bear an army ; hence the city is inaccessible on this side. Toward 
the sea the access is also di6knlt; but tbe safe and navigable parts 
are pointed out by piles, which, at the approach of an enemy's 
fleet, may be easily cut away. Beside, as a considerable nombei 
of men of war and gallies may be expeditiously fitted out for sea 
from the dock, which contains vast quantities of naval stores, the 
city is secure from any attack either by land or water, and is sdB. 
ciently strong without fortifications. The fishes, which are cauglit 
at the very doors of the houses, may be esteemed a good preserva- 
tive against a famine, and tbe several canals leading to the city, be* 
tweeu the sand banks and marshy shallows^ are, at a vast expense, 
kept clear of the mud and slime brought with the flood. The re- 
turn of the sea is something later here than every sliLth hour, aod 
It generally rises between four and five feet, keeping the water b^ 
tween the islands of tbe city in continual motion*: but some of these 
canals being very narrow, the mud is not so eEectuMy carried ott 
as to prevent ill smells iu hot weather. 

Lago Maggiore, in the duchy uf Milan, is a most extraordi- 
nary lake, sixty-five Italian miles in length, in most places sis 
broad, and its depth about the middle eight fathoms. Toward 
Switzerland it terminates in a canal that is of vast advantage to 
commerce. The lake is every way environed with hills coyered with 
vineyards and summer-houses, which above the vineyards are plan< 
tations of cbesnut-trees, the fruit of which is consumed in sueh 
quantities, that when chesauts are in great pldnty^ the price of com 
fills, especially at Genoa. Along the banks of tbe lake are fine 
rows of trees, and walks arched with vine branches, especially near 
the town of Alesco. ' This beautifiil prospect is farther heightened 
by large natural cascades falling from the mountains. 

Two leagues from Sesti the lake begins to widen, and on enter- 
ins: the bay appear the two celebrated Isola Bella and Isola 
Madre > the former ktely belonging to Count BonromeQ> and the 
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tUet lo Ibe Eniperor. Tbew Iwa islaiirh liivv hetn eamparcd lo 
'two t^rainicls of sweetmeats, a'lorncti with green fe«tooii» and 
flowets. At one end of the frarden nf the I^la Bella are ten ler- 
nce«, the perpeailicular iiei::ht of nfaicli, taken Insetber, mvs 
Kf^iJer. b tixty ells above ij)e heislit of the water, each el( con- 
ttslin^ of three a^tam. These terrares decrease proportioaably ia 
their circuit as th«\ rise tonard (be top of the hill, where an oblong 
area, paved with fine sloae, and sutrouoded with a balliutMde, 
affordv a raoit d^t^ttful (>rospect. {t is in len^h front furtt.hvr lo 
£lty common pace*, and on e*er> si^He stands a ranee of luarlile 
atiiiues of a gi^nlk size. The rsin-walrr mns into cisients uikder- 
neatli, to which alio oitier water is conreyed in order to sii)>plv the 
waler.wotki. Round every Itrnce is a pleasant Hulk, and at the 
ibur angki are large statues aikd pyramids {>laced alternmelv. The 
walls tVoin the b"ttoia lo the top are covered wiih lauitt bedees, 
and espaliers »f orani^e, lenioti, j>ejch -trees, &c. The laurels 
Maud in the open air during the wltole wiuler: Uut ilie lemun and 
oran^-tiees are thrltered nver wiUi a coveriog of boards, and 
ill sharp weather cheiisheti wtih heat, iVoiu dres provided kir tltat 
purpose, at a greal expense- The annual cliariies of this BurronreaD 
|)aradif« amount to foriy ihousaud Piedmonlese livres. Bui loratK 
no noble a superstructure upon Siich a fouadauoo, and to l>riD|; tfaetc 
islands to their prrseol uKomparable beauty and mdeuificencvj 
■eems an undertaking hevond ereit the leveuue of u prince to ac- 
compliih. Tlie Isola Bella was, someahat more thau a cenlury 
l^o, nnlv a barren rock, to which every basket of earlii, ;>od a hat- 
ever is fooud there, must have been brought by boats at a prodi- ^^ 
gions eipense. ^^H 

The garden of tsola Bella has a south aspecrt, sad at lb« two ^^M 
•B^cs of its front are two round lowers, iu which are very lofiy ^^| 
apaiOnent*, adorned with red and black marttle- Here is alio a 
eOKted gallery, supt>ortal by stone ctdiuuns and liiaded wilfa 
IrmoD trees. On the other stJe. thai ia, toward the cast, is a ttt- 
lifktful walk of lat^ oraiqte-trees, dupoted b four or 6%e rows. 
At a small duttoc* b a tine grove of olivet, with Bairuo walM, 
and a cascade that hih down above Iworiy alepi. Here it ajto a 
plantatioQ of br^ pomcgfaoaic.ticee. Ti>e lake come* up u 
dose both In tbc palMc and gar'tcns, as icsrcely ii leave so much 
dry ground tl to tctooe's f'>wl 'Jp-n, rurpt a small apuce bi:fure 

t north ftooi of the palace, wnu.ii was a boe prosfcd lowudi ^^m 
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Itola. On the east and west sides are large vaalts» upoo whicii tin 
earth has been raised to the Jieight above •mentioiied ; and the 
whole may be compared to the hanging gardens of antiqalty. Thcie 
vaults are not only a foundation for the soil, but an ornament to 
the gardens^ all of them resembling so many grottos. Near the 
|)alace are kept in a shed, built for that purpose, three fine goa* 
dolas for parties of pleasure upon the. water. 

From Isola Bella to IsoLA Madre is about half an hour's hL 
ing, though their great height makes them appear much neafer* 
Tlie latter has seven terraces, which are high, but sloping, and at 
a considerable distance from each other, by which means it appeals 
to be lower than Isola Bella, though according to the original pnla 
they are of'an equal hei&;ht. The greatest part of the external 
foundation of Isola Madre is a high perpendicular rock^ pro* 
jecting considerably over the water, so that it did not require lo 
much masonry as Isnla Bella. That part of the front of the palaoe 
only is completed which looks toward Sesti and the above island, 
and is adorned with 6ne paintings of flowers, portraits, and land- 
scapes. 

The garden of this island also abounds with vegetable beautiei, 
particularly a 6ne espalier of citron-trees, with a low contre-eipalier 
of orange.trees, an arched walk of cedars, a smaller espalier of 
jessamine, an espalier of acacia, and another of rosemary not lets 
than eight feet in height. Here are also several small groves of 
laurel, with walks cut through them. Some of these trees are of 
uncommon thickness ; and one of these espaliers of laurels b above 
eighteen feet high : such a hedge, by means of the mildness of the 
air^ and its being fenced from the north wind by the neighbouring 
mountains, shoots up to this height in six or seven years. 

The Isola Madre is a secure place for keeping pheasants, which 
are easily confined here on account of the great breadth* of the 
lake : for when any of them attempt to fly over it, they soon flag, 
and drop into the water, from which they are immediately taken 
up by a waterman who puts off for that purpose, and brings them 
back. This, however, seldom happens ; for as the island is lai^ger 
than Isola Bella, and abounds with every thing proper for them, ai 
well as places for shelter, the birds seldom attempt to make their 
escape. There is a little house built for the young pheasants, and 
near it a beautiful grove of lofty cypress-trees. This appears to 
be the finest part of the island, and recals to one's mind the fabu- 
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« tiescripliona that have been given uf enchanted groves sad 
The walks (hrough Ihb ced;tr planlation lead, b; a de. 
Gcent, to a siimmer-liouse near Ihe lake. Tlie chores of both islands 
(ire (et round with painted Sower-jxils; and when any foreign priuca 
comes in the niglit, or niakei any stay here, both islauds are illumi- 
ualed wilh lights of all colours, which eshlbil a very glorious spec> 
tacle. 

The territory of Pehogia contains a pretty large lake, anciently 
called Tkrasimene, but at present the lake of Perugia, in which 
are three islands. Between tliis lake and a high mountain near 
Coftona, in the dominions of Florence, ba long valley nith only 
<>nc narrow entrance, where Hannibal defeated Flamiuiiis the Bo- 
inun general. 

The Cxvv. of Bolseka, a small town most delightfully situ, 
ated in the patrimony of St. Peter, is thirty-live Italian miles in cjr. 
euit. The mountains which environ it are covered with oaks, and 
form expansive anil august amphitheatres. Here is said to have 
been wrought by the host (the elements of the eucharist) when car- 
ried in proceiNon, the miracle nliicb gave occasion to the insli- 
tation of the festival of Corpus Chrisli. Near this place are seen, 
on an eminence, the walb of lh« Etrurian city Volsiniutn, in ruini. 

Four Italian miles from Tivoli, a town of great antiquity fn the 
OmpagOH, and sevenU-eti miles nurth.east of Rome, lies the lake 
of SoLFATAKA, formerly called Lacus Albutus, in which are 
sixteen floating islands. Dr. Moore asserts that these islands are 
nothing else than bundles of bulrushes springing from a thin soil, 
formed by dust and sanil blown from the adjacent ground, and - 
glewed together by the bitumen which swims on the surface of thii 
Ia>e, aud the sulphur with which its waters are impregnated. Some 
of these islands are twelve o.r fifteen yards in length ; the soil ia suf- 
ficiently strong to bear five or six people, who, by means of a pole, 
may move to different parts of the lake, as if they were in a boat. 
This lidie cnipties itself by a ivhitish muddy stream into the Tive. 
rone, the ancient Anio ; a vapour of a sulphureous smell arising 
from it as it flows. The ground near Ibis rivulet, as also nrounil 
tbe waters of the lake, resounds as if it were hollow when a bone 
gallops over it. The water of the lake has the singular quality of 
coveting every subatauce which it touches wilb it hard, calcartiaiii 
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or petrifying matter*. On throvfing a bundle of shmlw oriaiO 
sticks into it, they wiil in a few days be covered with a white cniil} 
but what (teems still more exiraordiuary, this iocmstatiDg qoality 
is not so strong in the lake itself as in the canal, or little rivakt 
that runs from it, and the farther the water has flowed from the 
lake/ till it is quite lost in the Anio, the stronger this qnali^ bc> 
conips. These small round incrustations which cover the sand mi 
pebbles, resembling sugar-plumbs, are called Confecti di Tivol^ or 
confections of Tivoli. Fishes are found in the Anio, both abofr 
and below Tivoli^ till it receives the Solfatara, after whicb, doriif 
the rest of its course to the Tiber there are none. TIm witen «f 
this lake had a high medicinal reputation anciently, but they aieia 
no esteem at present. 

The lake of Agnano, in the kingdom of Naples, is not far dii* 
tant from the Grotto of Pansilipo, which as an artificial cxcavatioa 
will be described in Part III. of this Work. The commonic^tiiXi 
between these two remarkable places' is by a. very pleMuit loa^ 
between fine vineyards. This lake is a perfect circle, about an 
Italian mile in curcumference. At high water, in some parts of i^ 
is seen k strong ebullition. On approaching it, one b sensible of 
tjie motion of the water, which possibly proceeds from the ascent 
of the effluvia. The tenches and eeb in this lake have in winter a 
veiy good flavour, but in summer are not eatable, which is io 
some measure imputed to the great quantities of flax and heny 
brought thither from all the neighbouring parts, w^^h are soaked 
in this water for the purpose of mellowing them. 

Near this lake stand the sudatories of St, Germano, which consMi 
of several apartments built with stone, where the heat and sulpha* 
repus vapours issuing from the earth soon, cause a profuse sweat; 
in some places the wall is too hotfor the hand to bear it, and yet 
the heat is supportable in the hottest room, especially if you stoop 
toward the ground. The same observation is made on the batiis 
of Tritoli. The patients are put into rooms of different degrees 
of heat, according to the nature of their complaint ; and in the 
sudatories of St. Gcrniano^ which are said to be very eflficacious ia • 
the gout, debilities, inward heats, &c. they never stay abo?e a 
quarter of an hour at a time. 

* See a similar property in the water pf lioch-oeagh in the subdi^isiofti 3, of 
this section. 
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Witlun an baiidreil paces of (Iiese salubrious sudalories is a stnail 
Ualunit tavern, known by Ibe uainc of '' Grotto del Can6,OT Dog'* ' 
Grotto," wliicli we liave alfeady duscribetl *. As we bave also 
tbe general face of the valley of Sulfalara itself t> 

This Jalieis in some places au buiidredand eiglily feet deep; and 
atinie old walls slaiiding near it, are supposed to be the remaias of 
a temple to Apollo. 

Of the lakes in France, noDe need be mentioned here but that 
of Thau, oq which is sealed the small town of Fronligaac, oi 
Fronlignan, seventeen miles to the south-west of Monlpelier, cele- 
brated for its eitce lien t museadiiis wine, ils jar-raisins, and its hand- 
some lowo.houae. This wine is called by the English Frontiniac. 
The above lake, which is also named Maguleone, is twelve leagues 
in lenglli, and separated from the sea only by a narrow tract of 
land ; but in one place iias a comniunicalion with the gulf of Lyons> 
which, according to Euschtng, lakes not its nanie from the city of 
Lyons, which b seated at a great distance from the sea, but ra- 
ther from lite violent storms so frequent in this shallow part of the 
Mediterranean, and which destroy the ships as a furious lion does 

Bbitish Isles. 
lu England, the adjoining counties of Cumberland, and West, 
morland, are so highly celebrated for their lakes, and the beautiful 
' romantic tcenery that surrouud* them : that we shall more minute- 
ly advert to them in the ensuing subdivision of (his section. The 
principal lakes in Cumberland are, Derwent.water^ UU.walert 
and Broud-water ; beside which, Bassenth^aite, Low-water^ 
IVaiddle, and Dalgurth, are all worthy of notice. 

The lake of Derwent-water is in the vale of Keswick: it is 
three miles in length, and a mile and half wide. Five islands rise 
oilt of ibis lake, which being covered either with turf or trees, add 
greutly to the beauty of the appearance. On one of these islands 
is an elegant modern-built house. Mote to the north.westt the 
tiver Dera:ent, after running a short space in a narrow channel. 
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colargcs into the long and uarrow lake, calied Bassenthwaite, altlie 
termination of which is a remarkable water-fall^ uamed Loi^darew 
The Derwentwater estate was not long since restored to its wAk 
family, subject to a large fee farm rent, fqr the use of Gfeeaividi 
hospital. 

Uls-water is a long and narrow lake, with its southern part 
in Westmorland, while all the rest b equally divided between the 
two counties. If a swiveUgun, or even a fowling-piece^ be dik 
charged from a boat on this lake, in certain parts of it» the lepoit 
will reverberate from rock to rock, promontory, cavem, and hil^ 
with an astonishing variatfon of sound, now dying away opan the 
ear, and again returning like peals of thunder. .This re.echo may 
be dbtinctly heard seven times in succession. 

Among mountains where eagles build their nests, in the westeni, 
part of Westmorland, and on the borders of Lancashire^ is WiK- 
ANOER-MBREy the longest and most beautiful lake ia England, 
said to be so called by the Saxons, from its winding banks. It u 
about ten miles in length from norths to south, but in no part is 
broader than a mile. It is paved as it were at bottom with one 
continued ro«k. In some parts it is of a vast depth, und.is well 
stored with a fine fish called char *, which is rarely found elsewfaere^ 
except among the Alps, and in some of thr lakes of Anieiica. 
The Uls-water, already mentioned, has likewise some char ; but 
not in such plenty as here. In the forest of Martindale, to the 
south of Uls-water, the breed of red deer still exists^ in a wild 
state. 

In Wales, the Bela lake, of Merionethsliire, deserves to be 
qpoken of. This country is watered by several rivers, the most of 
which are connected with lakes, and the principal of which are the 
Dee, the jdvon, and the Drurydh, The Dee has two i^riog-heads 
in the eastern part of the county, after the union of which it is sup- 
posed to run through the lake Bala, or Pimbk^meerj without 
mixuig its waters with those of the lake ; at least the di&rent tribes 
of fishes seem not to mmgle ; for it is said, that though the Dee 
abounds with salmon, none are ever taken in th«^ lake out of the 
stream of the river ; nor does the Dee carry off any guiniads, a fish 



* Ssilmo Carpio and S. Aljpinus of Lin nens.*— Editor* 
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peculiar to the lake, which resembles the whiting/ but tastes like a 
trout, 

Tlie most remarkable lochs, or lakes, in Scotland, are LochfUif^ 
Itochnessj and Lochieven, which send forth rivers of the same 
name with themselves ; Lochlomond^ which sends forth the river 
Lomond ; and Lochiern^ from which flows the river lern. 

On Lochleven lately resided a collateral relation and namesake 
of the celebrated Dn Smollet, to whose memory he raised an obe- 
lisk, on the bank near the house in which he was born. Smollet 
Was eiltitled to this mark of attention ; for we are mdebted to him 
for tl)e following beautiful lines to the lake itself* 

On Leven's banks, while free to rove, 
And tune the rural pipe to love, 
I envied not the happiest swain 
That ever trod tli' Arcadian plain. 

Pure stream ! in whose transparent wave 
My youthful limbs I wont to lave ; 
No torrents stain thy limpid source ; 
^0 rocks impede thy dimpling course^ 
That sweetly warbles o'er its bed^ 
With white, round, polish*d pebbles spread ; 
While, lightly pois'd, the scaly brood. 
In myriads, cleave thy crystal flood : 
The springing trout, in speckled pride; 
The salmon, monarch of the tide ; • 
The ruthless pike, intent on war ; 
The silver eel, and mottled par. 
Devolving from thy parent lake, 
A charming maze thy waters make. 
By bow'rs of birch, and groves of pine, 
And hedges flowefd with eglantine. 
Still on thy banks, so gaily green, 
May num'rous herds and flocks be seen ; 
And lasses, chanting o*er the pale ; 
And shepherds, piping in the dale; 
And ancient faith, that knows no guile^ 
And industry, imbrown'd with toil | 
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And hearts resolv'd^ and hands prepared 
The blessings they enjoy to guard ! 

Ir BLAND abounds more in lakes, or as they were formerly called* 
lough9j than perhaps any other country of the same estent ; aod 
especially the provinces of Ulster and Connaughty in which they 
are more frequent ihan in the other (yro^vinces of the kingdom. 
They are usually classed under two denominations; fresh-watei 
hkes, which have no access of the tide, or mixture with the set, 
and salt lakes, into which the tide flows^ and which may more pro- 
perly be called inlets of the sea. 

Of the fresh-water lakes, one of the most extraordinary is Lough* 
lene<i in tlie county of Kerry, which is remarkable for its singular 
beauties. It is about six miles in length, and, at a medinm, near 
half as much in breadth ; and is interspersed with a variety of 
beautiful islands, many of them rich in herbage, and well inhabit, 
ed. Eagles and ospreys are here in great numbers, and the islands 
and rocks in and around the lake are adorned with groves of the 
arbutus, which is frequently four feet and an half in circnmfer. 
ence, and nine or ten yards high. 

Lough-erne and Laughmfieagh are by much the largest lakes is 
Ireland. The former b divided into two branches^ the upper and 
lower> which are separated by the water being contracted into the 
conipass of a considerable river for some miles, after which, eD« 
larging itself, it forms the lower lake. This lough, in both its 
branches, takes its source through the whole length of the county 
of Fermaiinagh^ from the south-east point to the north-west, nearly 
divi'ting it into two equal parts. It abounds with a great variety 
of fKilies, as pike of a prodigious size, large bream^ roacht eehj 
and trout; but it is chiefly valued for its salmon, 

Lough-neagh is somewhat of a square form, but indented oo 
every siae. It is esteemed the largest lake in Ireland, and is 
exceeded by few in Europe, being twenty miles long from the 
north-west point to the south.east, near fifteen miles from the north- 
east to the south. west, and ten or twelve broad at a medium. 
Lough neaffii con^municates its benefits to five counties, Armagli. 
Tyrone, Londonderry, Antrim, and Down ; the latter pf which it 
only touches by a small point on the southf.east fide. It receives 
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i>1x coDsiderable riven, four or laser nok, anil iteveral brooks : yet 
iias but one outlet to distliiirge litis greal fluK of water. It has 
various peculiarities, aod especially tliut of petrifjiog vegetables | 
on (vliicb nccnuat we sfi;ill more uiimitely notice it in the cusuing 
subdivision of Parlicular Lakes. 

^AM1tB[CA. 
Nolltiii° di-liBguislies the norrberu p.irts of lliis division of rlie 
I world more tbaji its niuiierous and immense lakes tlie five principal - 
of wliicb beluRg wlioily or in pwrl to Ilie province nt Canaila, or 
Quebec, aud are named Ontorio, Erie, Huron. Michigan, and 
Superior. Tbe^e lie williin ;<boiil seven degrees of laliluilc, njid 
fourteen of longitude, or from 41° 35' to ig' norlli, and from 73° 
2lf to i)^" xveit, ' Tliere are beside many smaller lakes wbicli lie 
(n ilie eastward and nortli- westward of Ibese. Tolbe eastward are 
tlie lakes George and Champlain. Tlie most nortlieni visjteii by 
the traders is Ibe lake Ejiirbon, wbicli rearhes to 51° norili lali. 
Iiide; lotliesoulli of wliicb is tbe lake fVinnepeek, culled by Ibe 
French Oainipique: communicating uilli Ibe former by a strait. 
A river extends from lake tVinnepeek lo iake Superior, wbicb 
toram geographers have considered a; a continUHiiun of the St. Lau. 
rence; about midway of this river is Ihe lake tin Boh. or tVooU 
lake ; (here is likewise lac Piuie. or tlie Rain lake, Ibe Red hVv, 
and Niepegon, with many others still Jess cunsiilerabte. llvjond 
60° of uortli latitude, froia near Hudson's Bay to 13 1° wcil luii{;i- 
tilde, are oIlKr estensive lakes, about which ihe savage race of 
Aratkapefcoa) Indiajts lead their wandering life. Ibese vast ai. 
sembiages of fresb waters, which are not put in molion and alleb 
nalely laited aud sunk by lidts, are au| posed Ib coulrihule very 
considerably lo ihe greater <le<!iee of culd wjiidi i> ('It in ibe 
Jiortiiern (larts of America than in Ihe same parallels of latitude iii 
ILurope. 

lu describing these lakes, let us begin with tbe ino»t eastern, and 
proi'ctd westwardi). 

Lake Geuboe, formerly called by Ibe French lac Sl.Sacte. 
ment, is about thirty five miles long from noilb-easl lo luulluftest, 
but narrow. 

Lake Chamflain i« about eiglily mdcs frnm north lo south, 
and about fourteen miles where broadest. When Umk two lako 
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were first discoTered, they were known by no other mmethsatbat . 
of •• Iroquois lakes/ 

Lake Ontario is the least of the five great lakes of Canada; its 
ibrm is nearly oml ; its greatest length being from north-east to 
south-west. Its circumference is about six hundred miles. Neit 
the south-east part it receives th^ waters of the Oswego river, and 
on the nortli*east dbcharges itself into the river Cataraqni, which 
communicates with the St. Laurence, or may be considered as the 
source of it ; though some geographers describe that vast river as 
uniting the five great lakes, and having its source to the westward of 
lake Superior. Near to it stood fort Fronienac, which was taken 
from the French in the year 17^8, by some provincial troops, nader 
Colonel Bradstreet. At the entrance of Oswego river stood a fort 
of the same name, which, in the year 17^6, was defended by two 
regiments of provincial troops^ when it was attacked and taken by 
the French, and the garrison cruelly massacred by the savages arbo 
followed the French camp. 

Lake £bib extends about three hundred miles from west to 
north-east. It is widest toward the middle, where it is abovt se- 
venty miles across from north to south. Carver, a faithful naira^ 
tor of what he saw, though not to be followed in longhiides and 
latitudes^ says, the navigation of this lake is esteemed more danger* 
ous than any of the other lakes, on account of nrany high hinds 
which lie on its borders, and which project into the waters, so that 
whenever sudden storms arise, canoes and boat« are frequently lost, 
as there is no place which affords retreat or shelter. The same 
writer says there are several islands near the west end so infested 
with venomous snakes, that it is highly dangerous to land open 
them. The water is covered near the banks of these islands with 
the iiymphaea nelunibo or aquatic lilly, tlie leaves of which spread 
over the surface, so as to cover it entirely for a great space ; oa 
these our traveller saw prodigious numbers of the water-snakes, 
wreathed up, and basking in the sun. 

This lake discharges its waters at tlie north-east end into th e 
river Niagara, which runs due north and south; is about thirty-six 
miles in length, and flows into lake Ontario. At the entrance of 
this ri^er, on its eastern shore, is fort Niagara, which was taken 
from the Fre;nch in the \ear 1/59, by Sir William Johnston, and 
was considered as a highly ioiportuut acquisition. About eighteai 
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mites farlbet uorlliward tire llioae stupendous cataracts, which ant 
not to be equalled by arij' olhcr f^lU of waler on Ihis globe, and 
wbicb have becu ^ilready il«9ctibeiJ. 

Lake Hcron is nest in muguiliide to lake Superior ; its shape » 
neBrly triangular, and il h abmit a thousand miles iit circnmfereuce; 
lite aorlli side of it ia an island, nearly an Ijundred miles in ex- 
it (Voiii east lo west, but in no part above eigh't miles from uorth 
called by the Indians ManatavUn, which signifies 
a ))l:<ci- of spirits. At tlie west paint of Ibc luke are the sirails of 
MichHiimackinao, winch unite with lalte Michegan; and about 
fifty miles lo the nortlt-east of these straits are those of Si. Marie, 
by which, lake Huron cummuaicHtes with lake Superior: they ere 
about forty miles long, and very unequal in breadth: here are 
falls, hut not perpendicular, like those of Niagara, but the waters 
pus alon;; a slupia{; bottom, wliicb iu that country is called a ra- 
pid: this continues for nearly three-quarters of a mile. The fell 
here is not so impetuous as entirely to prevent the navigallon of 
boats and canoes downward. The southern point of lake Huron 
runs into a strait, which soon alitor enlarges into a small lake called 
St.Clalre, froifl which ruus another strait, whicli is only distin. 
gnished by the French name of Detroit (strait) ; this discharges itv 
self into lake Erie, the distance between which and Huron is eighty 
miles. Althoutrh the water here h level, yet the navigation of 
large vessels is stopped by a hank of sand. The town of Detroit, 
wliicli contains upward of an hundred houses, is situated on Ilia 
western banks of this nver, or strait, about nine miles below lake 
St.Cbire. At the north-east point a considerable river flows into 
litis lake, calkd the Souties, from which there la but a short car- 
lyiuei-place to the river of the Altawawai, which discharges itself 
iDto the St. Laurence above Montreal. 

Lake Micuegon, to the west of Hnrong is loug and narrow, 
extending nearly two hundred miles from nurtlt-west to south-east, 
and t»rty broad from north to south. Between thesu two lakes a 
linsula is toiined, which runs into a point at the north-west, at 
strait* ot Michilliniackiuac, where is a fort of the same name, 
ihe language of lira Chijipewaw Indians, signifies a tar- 
'toise. On the nuilli.ucst side of tins lake is a strait, about forty 
miles wide, called the grand traverse, in which are many islands, 
some of which are iuhabiied by tiie Ollawawt, and otli^rs by the 
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Pojitowattimic Indians. This strait leads into what tbe Fraidi 
called Baj/e Puani (stiukiog), but wiiich is now named the Green 
Bay ; it is long and narrow, and into it flows a large stream, 
which rises near tbe Mississippi, and is denominated the Fox 
River; its banks are inhabited by a powerful fribe of lodi* 
iins. On the south-west side of the river are the Saukie Indian. 
Near the borders of this lake are a great number of saod cherries» 
which are not less remarkable for their manner of growth, than for 
their exquisite flavour. Thej are found upon a small shrub, not 
more than four feet high, the boughs of which are so loaded, that 
tbej lie in clusters on the sand* As they grow only on the sand, 
the warmth of which probably contributes to bring them to such 
perfection, they are called by the French cerise de sabie^j tfae'siae 
of them does not exceed that of a small musket-ball. Gooseber* 
ries and junipeir trees, bearing berries of a very fine kind, abound 
here. Sumack likewise grows here in great plenty, the leaf of 
which, if gathered when red, is much esteemed by the natives, who 
mix about an equal quantity of it with tlieir tobacco. Near this 
lake, and on the borders of all the great lakes, grows a kind ef 
willow, to which the French have given the name flf bote rouge^ 
or red wood t. Its bark, when of one yearns growth, is of a fine 

a 

scarlet colour, but as it grows older it changes into k mixture of 
grey and red. Hie stalks of this shrub grow in clustel^ to the 
height of six or eight feet, and never exceed an inch in diameter. 
Tite Indians scrape the bark, which they dry and poivder, and npx 
with their tobacco, for their winter pipes. 

Lake Superior is entitled to this distinguishing appellalion, not 
only as it surpasses every other- American lake in extent, but as lie- 
ing situated on a much more elevated part of the country, the 
level of its waters being several hundred feet higher tiian those of 
the St. Laurence. It may be justly called ** the Caspian of Ame- 
rica," and is unquestionably the largest expanse of fresh water in the 
world, being in magnitude equal, or rather surpassing that Asiatic 
«alt water lake, which has been already spoken of. The French 
are said to have observed of tbe lakes, that they rise, by impercep- 
tible degrees, to about the height of three feet in seven years and 



* Cerasus pygmcea, Linn. Editor, 
t Saliz rid>ni. Lion. Edit. 
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ink 83 mueli in nn equal port I ou of lime, so lliat in 
fil'leeu jears lliis waterj cycle, if it may be so iFrnied, is complcled: 
a cliaiige similar to wliat has been reported of llm Caspian, but 
performed in one quarter of llie time. According to llie rrencli 
chart!!, the circumference of lake Superior is about iil)ecu hundred 
miles. Carver U of opinion, that " if it were coasleil round, and 
the utmost extent of every bay taken, it would exceed sixteen 
hundred." He coasted near twelve hnndred miles on the north 
and east shores: " When it was calm,'' says he, " and the aun 
elione brigbt, I could sit in my can 
of six fathoms, and could plainly 
bottom. The water at this lime wi 
air, and my ca; 
meal. It was 



!, where tbe depth was upward 

'e huge piles of stone at tlie 

as pure and transparent as the 

seemed as if it hung suspended in that ele> 

ipossible to look attentively ihraugfi this limpid 



medium at the rucks below, for even a few minules, without feel- 
ing the head itwiin, and the ejcs no longer able to view the dazxiin; 
scene." This occurred in the moDlh of July, and altliough the 
■urface of the water, from the heat of the atnia^pliere, was warm, 
yet nn letting down a cnp to llie depth of about a falliom, the 
water drawn -t hence was to excessively cold, that it bad nearly the 
same effect as ice, when taken into the mourh. This lake is said to 
receive nearly forty rivers and streams of water; tbe two principal 
rivers are lite Nipogon, or Alantpegon, and llie Michipicoolrm, the 
pne from the north, and the other from the west. By means of 
the latter, a communication is Ibrincd with liie lakes Bourbon or 
ChtisljaneuX) Winnepeek, and du Bois; and in ibis riversome have 
traced Ilie St. Laurence, A small river on tlie west, before it 
enten the lake, has a perpendicular fall from tbe lop of a mountain, 
of more llian six hundred feel, thnni^h a very narrow cliannel. 
The only passage through which the waters of lake Superior &re 
diicliarged, is St. Mary's sirail, already spoken of. There arc 
many islands in this lake, two of nhich are very extensive; the 
largest has been named Isle Hoj/al, tlie other I'hilUpaux, wliicli 
last is supposed lo be nearly an hundred miles from east to west, • 
but in no part marc than forty miles from north to south. Miropau 
Isle is likewise of considerable extent; at the entrance of Wot 
bay is a duster of small islands called " the tweke Apostles. On 
y aptUll side of lUe lake |s s peninsula, which spreads into the 
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lake sixtj milesy and is called Che^omegan. The Indians suppoK 
these blands to he tlie residence of the Great Sphif. 

Th'is lake abounds with fishes, the principal of which are trout 
snd sturgeon. The country to the north and east is very iiioaiu 
taiBoos and barren. Whirtle.lierriesy of an uncommon size, and 
tut flavour, grow in great quantities on the mountains, as do black 
currants and gooseberries; but the most excellent fruit in these 
parts » a Iterry resembling a ra^bcrry in its manner of growth, 
but of a lighter red, much larger, and in flavour more delicious. 
It grows on a shrub of the nature of a vine, with leaves like the 
grape. 

On the north-west border of lake Superior is what is called 
^^ the grand portage ;** and there tiiose who go on the north-west 
trade, many of whom come from Michillimackinac to the lakci 
De Ploye, Du Bois, &e. carry over their canoes and goods for 
about Bine miles, when they again proceed by water carriage. 

There b likewise a great mart for trade abont an hundred and 
fifty miles to the south-west of lake Superior, near tlie banks of the 
Mississippi, where that river forms what is called lake Pepin. As 
this was settled to be a place of resort by the French traders, they 
thought fit to give it a name, and it has ever since been known by 
thi^tof La Pratrie du Chien^ or Dog Meadow. Hither all the 
Indians who inhabit the adjacent countries resort, and it rather de« 
serves to be named the meadow of concord ; for whatever ludiani 
meet in this place, though the Qations to which they belong are at 
war with each other, are obliged to restrain their enmity, and to 
tbrbear all hostile acts whilst they continue here. The like conduct 
is observed at the Red Mountain, which is in the same part of the 
country, whence they procure the stone of which they make their 
pipes. 

Of the Spanish Possessions in North America, tlie province 
of MBXieo Proper greatly exceeds the rest, and contains the 
capital of the same name, which is seated in the lake of Tuscuco, or 
Mexico, on the east side of a valley, atlhe foot of a range of bills 
in 10? 2& north latitude, and 101° 12' west longitude from Green* 
wich, about a hundred and seventy miles west of the gulf of Mex- 
ico, and a hundred and ninety north of Acapulca. Cla vigero 
calls it f« the most renowned of all the cities of the new world/' and 
says it is, like Venice, built ou several irfands. 
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The lake Tuscuco, lie telb iis» fbrnieriy tjlc^dtd 
venteen miles from east to west, and «io»iftliMig wmn inm ■wrth 
south, but its present eiteut is much leis» tkt 
diverted iuto new cbamieU many of the riveo mhkk iatwmtlj 
into it. The same writer says, lluit all the «al«r wJuadb 
there is at first sweet, aud becomes aftemaid toil Imk i^ 
quality of the bed oi the lake. 

On this lake, and in the city which it rmrmapmyu, CAfiUak 
his Spaniards maiotaioed that cmd w »pum€ tM 
eommenced in the latter end of iJISf* *tA aat itmtmamkhf 
years. Here the galhiat Yjuftam ikwmjjma^ mm 
eudeavouring to escape m a boat, uwdtf a <^iig»ai>^ 
the last effort, to vMut a A»rce as the aw^iMiar^n 
this lake, it has been soppofcd. a oMteriOtafii^Jk !«»$ ^4 jUr 
contained in the cily, when m the hm^ ¥L iit s| 
eipitated, to present its heromm^ tU: i|M <4 c^oir ^^am:. 
querorsj when the Mnicaas weet h^ imt^g^ #m iw <taiMrt<<i ii« 
unequal cbntest. 

Of the southern part of the ecwOueut a4 At$tJ^^A^ \^ ^M«t«|g|j 
lake we meet with is ^L%TACAr;&'i^ m T^snu l^Mgt^ At 
oicatcs with the guif of VfMUEUtlay ^ ^ mx^ut^ ^h. Iia 
coast of which the city of ^i^vacir^i^u it m.u^tyet. 'I m 
to be eighty leagues^ in drguaulrMb^ie, atufl MitfliiMfM» -n|i«iiir; <v 
the beauty aud cooveBkiioc; 4/ U«t |#iv*^ittie id )^M««^«i». ••lU 
whfeii it is eocompa^Md. 7'ik w«!ky « um^ m » i^it^^ ti#u*«i^ 
brackish and unwhole&cttMr. T;«t (iii|iii U liMt i^^ a*^;!* Umiu 
nates in the Caribbesui Sea, ei^leud^ aiWut mm ^irtHU»fl «^ k# 
wiles from south to nortii* 

Caiour, Clacigero^ Skom^ F4$g94^ 



Z. Particular Lakes ; or tuck us ur4 €iUUU4 i40 m mi^f€ mUuU 

Dtstrif4i4^n, 

Lalf Asphaidfct. 

This is more usually known hy tli« M^iite vf the I hud Htm* 

ilt lies in Palestine, and is about fifty luiWb lv<>;g» ^^ tweli^e 4/1 thir» 

teen broad* Jt is surrounded by lofty mouiiiauii>y and ih«r itly^g 

Jordan flows into it* It covers the old ground, that according to 
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Shrabo'8 report, in consequence of an earthquake, accompanied by 
frequent eruptions of fire ; or, according to the words of the BiUef 
IB consequence of a rain of sulphur, buried the towns of Sodom and 
Goinorrha ; and b very remarkable on account of the eonsklefahle 
proportion of salt which it contains. In this respect it surpasses 
every other known water on the surface of the earth. This gfeat 
proportion of bitter-tasted salts is the reason why neither animal nor 
plant cad live in this water : on which account the name of Dead 
Sea is applied to it with justice. - Thb great proportion of salt gives 
to the water so great a specific gravity, that it is capable of bearing 
weights that would sink in the Ocean. Hence it happens that meD^ 
88 Strabo long ago informed ns, cannot dive in the Dead.Sea, but 
are forcibly suspended on its surface. 

The Dead Sea is farther remarkable on account of the great 
quantity of asphalt swimmuig on iti* surfiKe, which having been ori« 
ginaliy thrown np from its bottom in a melted state by the agency 
of subterraneous hea^ and being again solidified by the cold of the 
water^ is at last collected on the margin of the lake, and forms an 
important article of traffic. 

Two different sets of chemical experiments have already made 
ns acquainted with the nature of the :ialts with which this water is 
impregnated. 

The first of these is that of Mucquer, Lavoisier, and Sage, in- 
serted in the Memoirs of the Academy of Sciences for the year 
1778, and entitled Analyse de VEau du Lac Aspkaltite. Two 
fiasks, sent by the Chevalier Tolesin Guettard, furnished the requi- 
site quantity of water for this analysis. 

They found the specific gravity of the water 1 •240. 

As the result of their analysis, they obtained from 5 pounds of 
the water 5 ounces of crystallized common salt, but not quite free 
from a small mixture of the salts with an earthy base. Farther, 
they obtained 30 ounces of earthy salts, cousistjug of four parts of 
muriate of magnesia, and three parts of muriate of lime. These 
proportions, reduced to 100 parts, give us the constituents of tlie. 
salts of the Dead Sea a5 follows : 

Muriate of raagucsia 2 1 '786 

Mutiate of lime 16-339 

Muriate of soda. • 6' •250 
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The second analysis of this water has been published by Dr. 
Alexander Market, in'Ihe Philosophical Transactions for 1807» part 
2d. The water examined by him, in company with Mr. Tennant» 
had been brought from the Dead Sea by Messrs. Gordon and 
Clunis during their Travels in the East, and had been sent by them 
to Sir Joseph Banks. 

The specific gravity of thb water was 1*2 1 1 . 
- From ^0 parts of the water there were obtained by evaporating 
in a sand-bath, at a temperature of 212° Falirenheit, 77 parts of dry 
saline residue. 

As the result of his analysis, he estimates the constituents in IM 
parts of the water as follows : 

Muriate of lime 3*791 

Muriate of magnesia ••.. 10*100 

Muriate of soda. lO'SjG 

Sulphate of lime. 0*054 
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Or, according to another mode of calculating, 

Muriate of livse , 3*920 

Muriate of magnesia ..,. 10*246' 

Muriate of soda • . lO'SGO 

Sulphate of lime*.... • 0*05 i 



C4 580 



This estimate does not, however, accord with the orii;i»al slate « 
ment, that 20 grains of water leave a residuum of 77 grains of 
dried salts. To make ihcm agree, 100 grains must have furiiMhf^d 
38^ grains of salt. 

This circumstance, lo^ether wilh tlie marked di^errnr^ in the 
proportions of the salts, furniUied by each analyiis induced ni««, 
says the former celebrated chemist, to undertake an auHl)«i« my^ir, 
having been furnisiied Hjrh a lufiicient quantity 0/ waler for tl:fr f;iir« 
pose by Dr. William Thomwm, whose rroent death, at Falf rmo, ii») 
deprived mineralogy of a zealous disciple. Tiiis irater had Ufcn 
brought by the Abb^ Mariti from the K^^t, ao'l bad been giv^n hg 
bim to Dr.Targioni Tozzetti. 
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The water wasc<ilourie8S and tnnsparent, excq>t a small depe^ 
of muddineis, obviously owing to a cork-stopper. At th^ boUoA 
of the flasks lay a single cubic crystal, vthich had agam begun to 
le^issolve. llie taste of the water was bitter, saltub, and 8har{». 
Its specific gravity was 1*245. 

Five hundred grains of this water, evaporated to dryness and 
left upon a sand-bath till they no longer lost any weight^ gave as a 
residue 213 grains of dry salt. This salt, while ittill warm, was di. 
gested with five times its weight of alcohol. After it had been 
allowed to exert its whole solvent power, by being left in a mode* 
rately warm place, and by frequent agitation, the alcohol wa^ d^ 
canted off, and the undissolved salt treated again in the same maiUKf 
with half the quantity of alcohol. 

The altohol was evaporated, and the residual dry salt was again 
treated with alcohol ; but otily with a quantity sufficient to take op 
the most soluble salts, and to separate a portion of common salt 
which had been dissolved along with Jhem by the alcohol in the 
first process. The alcohol, being evaporated, left behind 174 grans 
of a salt mass, consisting ot a mixture of muriate of magnesia and 
muriate of lime* 

To determine the proportions of these twnr salts, the mass was 
dissolved in water, and precipitated while boiling by c.rbonate of 
loda. The edulcorated precipitate was mixed with water, saturated 
with sulphuric acid, and the liquor w»s evaporated to dryness. By 
washing the dry mass with a little water, the sulphate of magnesia 
was separated from the sulphate of lime, and the magnesia was pre- 
cipitated at a boiling temperature by carbonate of soda. The preci. 
pitated magnesia, which when edulcorated and dried weighed l(i 
grains, was neutralized with muriatic acid, and the solution evapo- 
rated to dryness. The muriate of magnesia, thus restored, wai 
found to weigh, while still warm, 121 grains* By subtractmg this 
quantity from the original 179 gi^his, we obtain' d3 grains as tlie 
weight of the muriate of lime. 

The muriate of soda, freed by means of alcohol from the salts 
soluble in that liquid, weighed, after being well dried, 38 grains. 
But we may reckon 39 grains, the grain of difference wanting to 
make up the sum total of the salts, being obviously owing to tbt 
greater degree of dryness given in the Iqst processes than in the. 
first. The muriate of sod^ was dissolved m water, and tried wijh 
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drbonate of soda and muriate of barytes. No precipitation en« 
sued ; a |miof that it coniaiiied no sulphate of liine. 

Ill 100 parts of tiie wat4>r brought by <he Abb6 Mariti from the 
lake <»f Asphaltum, or Dead Sea, and examiiied by me^ there were 
coutaiued, therefore. 

Muriate of magnesia ••.•••••••••• 24*20 

Muriate of lime 10*60 

Muriate of soda 7*80 
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The result of these experiments approaches that of Macquer» 
Lavoisier, and Sage. But the analysis of Dr. Marcet is a good 
deal different, owing in all probability to the complicated processes 
aad calculations which he followed. 

The specific gravity of the water, as stated by the French che- 
■usts, agrees likewise very nearly with mine. The sum of the saline 
ingredients, as stated by these gentlemen, exceeds what I obtained 
hy l^ graius. This was probably owing to their being in a less degree 
.of dryness; for it is well known, that the two earthy muriates ab- 
lorb water from the atmo^'phere while cooling. 
. The somewhat smaller specific gravity found by Dr. Marcet reo. 
den it probable that the water which be examined was collected 
aot fiir from the place where one of the streams of the river Jordan 
Mb into the Dead Sea. 

To give an example of the difference of the ingredients of this 
water from those of the ocean, I make choice of the specimen of 
•ea-water which Sparrman drew in the month of Jtity. 17/6, in the 
latitude of the Canary. Naiids, from a depth ot 60 faiuonia, and 
Wrhich Bergman anah-sed. He found its specific gravity I'OSSp; 
%im1 a Swedish kamie = lOO Swedish cubic inches gave him 



Muriate of soda. •• • ••• 1393 graius 

Muriate of magnesia. «.. 380 

Sulphate of hme 45 

I8I8* 
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The princi|>at dtfTerence iKlwero llie water of llie oceati am) tint 
of llie Dead Sea, coiisislii in ibis remarkable circumtUncc, tliat io 
Ihr Uller llic earth; rautiales, wliich give tlie water iu grent sbiip- 
Dcu and b)tleru(s% exceoi the proportion of comiuon aalt 4^ titnei; 
while, on the contrary, the common salt exceeds the oiliera ntHllf 
aa much in the water of llie ocean. 

{TkomionU jtnHatt of Pkil—opkg, Vol. /.] 

Uliuater Lake, and the turrounJing Scenerj/' 
^ From Mr. Onij to Dr. Wliarton 

— Atton, Oct. 18, 178J. 

I HOFB jou got safe and well home aflei that tranblesorae iii§ljl. 
I long to ijear ynu say to. For me, I have coutioued well, been m 
favoured by Ihe weather, llial niy walks have never once been bio- 
dered till yesterday (that is a forlnight and three or four days, and 
a journey of niiire llian 300 miles). I am now at Aston forlMt 
days, To-murrow I go Io Cambridge. Mason is uot here, bal 
Mr. Alderson receives me. According to my promise I send you 
the dtiX slieel of my Journal, to be continued wkfiout end. 

SepI- 30. A mile and and a half from Brough, where wepartul, 
on a liill lay a great army encamped : to ihe left opened a lint val- 
ley witli green nieudows anil hedge-rows, a gentleman's house ptr|h 
lag forth from a grove of old trees. On a nearer apprnacli aj^ 
peared myriads of cattle and lidrses in the road itself, and in all lb 
fields round me, a brisk stream hurrying cross the way, tliousandsdf 
clean healthy people in their best party-coloured apparet : fannRl 
and their families, enquires and their daughters, hastening up frM 
the dales and down Ihe fells from every quorlcr, glittering in tiK 
inn, and pressing forward to Join ihe throng. Wltile the d^ hiliii 
on whose tops the mists were yet banging, served as a contrast Io 
this gay and moving scene, which continued for near two miles mMl 
along the road, and the croud (coming towards it) reached on as fcr 
as Appleby. On Ihe ascent of Ihe hill above Appleby the thict 
hanging wood, and the long roaches of the EdeUj clear, rapid, aed 
as full as ever, winding below, with views of the castle and tomi, 
gave much eniploymenl to the mirror: but now Ihe sun was want- 
injr, and the sky overcast. Oats and barley cut every where, bal 
not carried in. Passed Kirbythore, Sir William Dalstou's lionseat 
Acorn-Bank, Whinfield Park, Hatthorn CXiks, Caimteas-Pi 
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ronetiani-Cusrle, Mr. Itruwn's hrgc new house; rros&eil lli« Edtrii 
il llie Litiiot (|iri>iioiincc I'liiiun; wiili ili gr>:eii vale, and Hiiietl at 
tlirer o'cluck wilh Mrs. Burlmuuii iil l't;iirtlli, on Irout anil |iartrid;ip. 
Ju ttie afteruuun uullLcd itp ncacuii-liill, a mile lo the top, and could 
we Ulsivater ibruiigl) an oiivniiig in iLt liuaoui of tliat clu-^ter of 
bnikeii nmimtams wiiicli lUtr duttor utll renieniber!*, Wlijiilielil and 
Lowtllet FirU, &c. anil llie cidiigy I»p; of an liundrcd 
hills : lliL'Stf lie to llie west and soitlli. To iIip north a grfut extent 
of black and dreary (ilaius. To the eiisl. Cross'fell, Ju$l visible 
tbr')Ui>b mists and vapixirs Ijoverlng roiHid il. 

Oit U A grey anliiinnal day, the uir perfeelty calm nnd mild, 
went to see I iswaier, five miles distant ; soun li^fl llie Keswitk-road, 
and turned to the let! ihrnii;;!! sliady lanes along llie vale uf Kemao, 
wltich tana npidly on near Ihe way, ripling over the slunes; to the 
right is Delniaine, a large fabric of pale red a'utie, with nine wiD- 
dotvs in IronI and seven mi the tide, built by Mr. Ilusslc, behind it 
a tine la»n surrounded by woods, and a lungriirky en line nee rising 
over them ; a clear and brisk rivulet runs by the house to join Hie 
Eeman, ttliose course is in sight and at a sm»li distance. Fuilher 
on appears Hatlon St. Jidm, a casde-like old mansion of Mr. Hiid- 
dleslon. Approached Dunmallert, a fine pointed hill covered with 
wood, planted by old Mr. Hassle bt fore-mentioned, «iio lives al- 
ways at home, and delij>hls in plantiiij;. Walked over a spungy 
meadow oi: two, and hegnn to mount the hill llirongh a broad 
straight green alley aninng llie trees, and uilh some loil gained the 
summit. From henco saw the lake o])eninB directly at my feet, 
majestic in its calnme's, clear und smoorh as a bine mirror, with 
winding shores ami low pomts of land covered with green inclo. 
■nres, while farm-houses looking out flniona the trees, and cattle 
feeding. The water is alniosl every wliere Murdered with cullivaled 
lands, gently slnjiUig upwards from a mil.- to a i|u<irti-r of a mile iu 
breadtii. till they teach the ttet of the mountains, which rise very 
rude uid awful with tlieir hmken l"tw on either hmid. Directly iu 
front, at better than three miles distance, Place-Fell, one of ihe 
bravfsl among ihein, pushes its h'-ld bmad breast into the nudsi of 
.the lake, and forces it lo alter its rcurse, fonninK first a large hay 
lo tlie left, and then bending lo ihe right. 1 descended DnnniHllert 
agam by a side nvemie, thai «Hs only not i-eniendicidat, and i:mie 
to Bartinubridgc over the Ecinan, Ihen waikuig tbrougu a path in 
S3 
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the wood round the bottom of tlie hill, came forth wliere theEemaii 
issues out of the lake, and conliuued my nay along its western bhore 
close to the water, and generaUy on a level with it. Saw a cornic 
rant flying over it and fishing. The ligure of the lake nothing re« 
sembles that laid down in our maps : it is nine miles long ; and at 
widest under a mile in breadth. After extending itself three miles 
and a haif ui a line to the south-west, it turns at the foot of Place- 
Felt almost due west, and is here not twice the breadth of the 
Thames at London, it is soon again interrupted by the root of 
Hevellyn^ a lofty anrl* very rugged mouotaui, and spreading again 
turns off to south-east, and is lost among the deep recesses of the 
hills. To this second turning I pursued my way about four miles 
along its borders beyond a vitlase scattered among trees, and called 
Water-Mallock, in a pleasant grave day, perfectly calm and warm, 
but without a gleam of sunshine : then the sky seeming to thickeo, 
and the valley to grow more desolate, and evening drawing on, I 
returned by the way I came to Penrith. 

Oct 3. I set out at ten for Keswick, by the road we went in 1 7^7; 
saw Graystock town and castle to the right, which lie about three 
miles from Ulswater over the fells ; passed through Penradoclr and 
Tlirelcot at the foot of Saddleback, whose furrowed sides were gilt 
by the noon-day sun, whilst its brow appeared of a sad purple from 
the shadow of the clouds as they sailed slowly by it. The broad 
and green valley of Gardles and Lowside, with a swift stream glit- 
tering among the cottages and meadows, lay to the left, and the 
much iiner'but narrower valley of St. John's openiag into it: Hill- 
top, (he large though low mansion of the Gaskarths, now a farra- 
houbc, seated on an eminence among woods, under a steep fell, was 
what appeared the most conspicuous, and beside it a great rock, like 
some ancient tower nodding to its fall. Passed by the side of Skid- 
daw and its cub called Latter-rig ; and saw from an eminence, at 
two miles distance, the vale of Elysium in all its verdure; the sua 
then playing on the bosom of the lake, and lighting up all the moun. 
taius with its lustre. Dined by two o'clock at the Queen's Head, 
and then straggled out alone to the Parsonage, where I saw the sun 
set in all its glory. 

Oct 3. A heavenly d^y ; rose at seven and walked out under the 
conduct of my landlord to Borrowdale; the grass was covered with 
a hoar-frost, which soon melted and exhaled in a thin bluish smoke; 
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bfftd Ifw mndons, «bli()iiL-ly cnlclung a divrnity of vi«ws nmoiig 

Ctiilk over the lake au() islaii'ls, and changing jiroipecl ut evvi'j 

I'pncrs. L«(l Cock»liut (tvbkh wi- lotiuerl* mouuled) and Cnsllr. 

> B U'fi'Ki and more rugged hill Lebind me, and drew 

|C Ol' WallH>crag, whose bare and racky brow cul perpendicularly 

above Tour huiulred teet (as I guess, lliough the people call it 

h mure) awfully overlooks ihe way. Our path here lends lo 

fcIcO, and the grnund genlly rising and covered wilh a gtade of 

|lieriit£ liees and hushes on Uie very »iiir;;iii u( ihc Muter, 0|>eiM 

U wajs ihe most delicious view that my ejea ever belield ; oppo- 

f are llie thick wooiU of Lonl Escemom iind Newlaiid-valley, 

h green and smiling fields embosomed in the dark <:liRi: to tltc 

lejawsuf Borruwdale, wilh lliat turbulent chaos of mounlain 

iad mounlain, rolled in tunfusioii ; bencaih yoii and slrilching 

EkWay lo Ibe righl, die aliining purity of the lake refl<-cli»g rocks, 

viit fieldl^ and inverted t<>)^» of Iiill6,jiist rutttcd by ilie breer^, 

igh to slii'w i( is a\>\e, with Hie while buildings uf Kesivicli, 

KltfMtlite ciiurchf and Skiditaw for a back-ground al adisinnce. 

■ind yon the magniticent heights of Wallu.crag: hirt: the glas» 

1 its ("""t divinely, tlie place is called Carlcloiie*rei'ds ; and I 

e to set down lliow barbarous names, thai any body may in- 

II the place, and easily Iind IIk' particular sla lion lliat I nuan. 

:ene continues to Iiutrow*gate; and a lilll« farther, paaMH:; 

HTook called Barrow-beck, we entered Borrowdnle: llic cragt 

med Lawdoor.banka bc^ia now to impend, terribly over your ' 

Etv, and more terribly \vheti yon hi'ur thai three years since an im- 

« mass of rock lundiM ul once from the brow, ami burred all 

IS lo Ihe dale (for this is the only road) till they coatd work 

r ray through it. Luckily no one was pacing at the lime uf 

I fall; but down tlie side of the mountain, and far into the lake, 

Kdapersed (he bnge fn<<!iiieuts of lliis ruin in all shapes anil in all 

rcHoiii: something I'anlier we turned aside into a coppice, a<ji-en<l. 

a tittle in front of Luwduor wiiler-fall : llie height appeared lo 

f Kkont two hundred feel, the quantity of water not great, Ihuugb 

e lltrce days excepted) it bad rained daily in Ihe hills for near 

months before ; but titeu the stream was nobly broken, leaping 

N toch to rock, and foaming with fury. On one side a lowering 

bgthat spired up to equal, if not overtop, the nviglihouring clittli ' 

u shade and darkness): on the other hand n rounder { 
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htmiin prnjrfting hill -.IpajrgKl wrfli vtowf, mitl illuminxled^l 
Mm, Hlticli glaiicvd sidewHyi on iIif ii[i|ieT (Mrt of Hit raunict.^ 
ti-icr of Itii- wetter *farttig a <>t!f)i iliniinFl in tlic giuuiiil, hurnci 
ana) iv johi tli« Inks. Wt> <|rK«-iitlriI aguiii, am) puwftl ilie strrani 
uvrr n rude brHlfir. 8noii Hfki w<- fiimr imilrt OntiiUr.cra^, B llill 
liiori- Cunnictiilile lotlic cjei 4111I In tlic np(>frtiriMiuti, lliaii iliul of 
LitrttuDr; llie nick» al i"p <lci-p-cli>»cii |>«r|ieti(liciilar1v, Ij;* llie rains, 
liioi^tnglonse ami iKxlitiiig TarwaKh, Menijiist »larltiiir Iruiii tlieu 
base III nliivcrs. Tliv h Imli- way down, aiid tlir road uu both Mti 
it slrfwi-d nitli yiWi nl tlie rrugmeiiii 8triiiig(.'l> ilirowii iitriw each 
olIuT, and ofadicadtui bulk; llie place remind! nir oft liuitr paam 
ID 1I1V AI|M, wlirre the gtiiilM idl jioii tu movr on with ^fifcd, and 
snj iiulliiiip, le»l Ihe ajjitation at tlic air slmuld luiiaru llie uiowi 
abovp, and bring down a inaas that would uverwlietm a ciiravnii. I 
touk llieir cuuni-el litre, anil b;4sl(ii«d on iti nikuce. 
Ka» i-BgitniaiB di lar, bio guaria, t paiia I 

Tlic liilU )i«re are dollied all up ibeir itecji »id» with nab. asb, 
bircli. Iinllj, &c. ii^nie of tt liai been ml I'oHv ycata ago, umM 
witliin Ibete ejgbl jeara; jel all is iptuhg again, grecu, Auuiiah* 
itig, and lalt, I'lr iu age, in a place wliert- 00 xuil appears biU ibe 
staring rciik, ami itliere a man couM scarce Rtan<l npriglit : lu-re ue 
met a dvil juuni; Ikrmer uvtiseuiiig liia reH|iers (tor it H now oaL 
liarvesi) who cniiiinrlcd a% to a iieal wliile bouxe in llie village of 
Grange, which ■• built nn a using grnnnil in the midst of a vullejj 
round it the mountHins turm ao uwtui Nni|>kilhcatre, and llirongli il 
oblifiuflj ruiia the Dertienl clear »i gtass, and ihetting uuda On 
bridge every irout llial paMes. Beside llie vith^ rises a rouad 
eminence nf rnck coveretl eniirel% Willi old Irccir, and over that raort 
proudly lowers Caslle-rra^, invtsled aUo wilb w«od on its »i(le*, 
tnd bearing 011 its naked Inp some traces of m turt said lu be Itib 
man. B} ihe %\Ae of ihis hill, which Hliiiri!it blocks np tlie wai, ibe 
Tiilley turnx to the lelt, and contracts its ilmKiiBiuiis till there ia hardl; 
any road hut the rocky bed ol the river. I he wood ol Ibv uioua- 
lains increases, and Ibiir suiitmits grow loftier t» Uie eye, and of 
moie Inntastie lornis ; among them appear Eagle's- dill. DnveV 
nesi, Whiledale.pike, &c. celebrated uaiiies in Ihe aunala of kcs- 
wkk. Tbe dale opens about four mili.« l^iiber lill >ou come to 
Seawhaite (where lies the way monntihg ilit lull* lo ibe righl that 
leads In ihe Wadd-niines.) i nil forlliei acces. is here baired lo prj. 
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wc^<^ i: tBf ^rezr amtti^'t if- amae^Br i< i:~ vim! 
kmfff weH tna: laefec mHicei^i «■■§:? «». St.' -vf^ . ..-rirvv*- 
lies of tsrr aucteni lunpooi. " iu?Ker? r- LaaKi».aA. .1.' S.2r: 
cnK I kinKr ma' tai!' iniBOii f 
biBKi} tc* BjivcHsai- mmc tne mBr- 

For Bt I weo' ac nnar' ub sr xsi^r- 't»fiff ihl ia: 
wSka frao' ikstirici ' ai oxwt BisaMnBrr ai«i 1?- maus: :^.- 
ter tint Sisamii wdd am- v^m^:: &:. man?! 
hvmk of auk tiw o oiw - n Mc: aa ok 
coM tflB^v ydttor* aritr. k: Oc*- jBiHr-^ 

Uf. UBS- «f- ■. m^DB- • 
It- vflBrr. BT- 1 

n oov. iroc ift 
cKVio TO|»R U to^ ave? r tst kid m wbc to* as vs 
the peofik: above aoofuo"; aB* fiouo^m: i« ic?f 10- ai 
^rfaidi flev ■iii i aia L- tomk. m: oic bo' oar* I1 aTxas^ tab. 
hnfo^ air tiR «*?«■ ^w- t«f- i -lawr. mm- tarn oe* x 

Bade of iwi^ loalu: M>"rtaL. aei 

tdbelfae braor or 

the Olhet, |iBiia* 

IiaUv in Iidaai! aactee* aieec aar^tK oic aKs. B< 

tion I kam, that the wctas v las * at. ta^ xatnn* ^'mTic «v: 

LhmfaK, in his iar. cdmai Ebk a Tansfaisr mlDisUiK^ u r^Amk 

biBi aad Paaaant aaaic c. 

We setioaer feamg^* inaae Ik «v« «« lwbl . mc «o a ae« 
landKape ; tiie femin^ ioDe^c «9% Ha «^ k ski. iiu: 
new ooef were daciiHiKC i^ tie niiUJU^ «&. aac Hie tai^ 
tireh' thmp^ ; laiis innct tna ^rv tut hob 
day for ^in^ iQ Sud^av, iiic I '^ihict: t 
was pa§B^ wKot, auf asc b iiaffiiimiBi 

In the ci>uuae I viik«4 lauie 41^1 M ^e Me ^ :^ blw 9^ 
Crmr.paik alter Ksac, wd mem ^ uieaa oihittrB« ^-u^t Senm 
oOf the bit gteoi of muhae Ufai« mtti oa the ^ilt4»^ ta* <Ih^ 
sereoe of the oalcn, aarl the laof dwhan of the aMontiini thuMni 
acran them, till thc^ aearij toochcfl the liithcnnnat «ho«tt. At a itja^ 
tancevereheardthemtmnnof BOB^aater-ihlLH. Bocawfibte in tKo 
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day-time ; I wished for the moon, bat she was dark in me and 
iileni. 

Hid in her vacant iaterlunar cave. 

Oci. 4. I walked to Crow.park, uow a rough pasture^ once a 
glade of aacieut oaks, wliose large roots still remain oai the ground, 
but uothuig has sprung from tlieni. If one single tree bad reniaioed, 
this would have been an un|)araliele«l spot ; and Smith judged right, 
when he took his print of the lake from beuce^ for it ia a gentle 
eminence, not too high, on the very margin of the water, and com. 
mandiog it from end to end, looking full into the gorge of Borrow. 
dale« I prefer it even to Cocksliut-hill which lies beside it« and to 
which I walked in the afternoon ; it is covered with young trees both 
sown and planted, oak, spruce, $cotcli-6r, &c.all which thrive won- 
derfully* There is an easy ascent to the top^ and the view far pre- 
ferable to that on Castle. hill (which you remember) because this is 
lower and nearer to the lake : for I find all points, that are much 
elevated, spoil the beauiy of the valley, and make its parts, which 
are not large, look^poor and diminutive. While I was here a liltk 
bhower fell, red clouds came marching up the hilb from tlie east, 
and part of a bright rainbow seemed to rise along the side of Castle, 
hill. 

From hence I got to the Parsonage a little before sod. set, and 
saw in my glabs a picture, that if I could transmit to you, aod fix it 
in all the softness ot its living colours, would fairly sell for a thou, 
sand pounds This is the sweetest scene 1 can yet discover in point 
of pastoral beauty ; the rest are in a sublinicr style. 

Oct. 5» I walked through the meadows and corn-fields to the Der- 
went, and crossing it went up How- hill; it looks along Basdingth wait- 
water, and sees at the same lime the course of the river, and a part 
of the upper-lake, with a tull view ot Skiddaw ; then I took my way 
through Porting: kail village to the Park, a hill so called, covered 
entirely with wooo ; it is all a mass of cruniblmg slate. Passed 
round its foot between the trees and the edge of the water, and 
came to a peninsula that juts out into the lake, and looks along it 
both M'a>s; in front r.st!> Walla.crag and Castle-hill, the towu^ the 
road to Penruh, Skiddaw, and Saddleback. Returning, met a 
a brisk ami cold noitlueaateru blast tliat ruffled all the surlace of 
the lake, and made it rise in little waves that broke at tiie foot of 
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the wood. AAcr dioner walked up the Pcnrilh ruad two uile«, or 
nitire> ^nd luniiag into a coru.tieid to lUe ri^bt, cadltrd Ca»lle-riv, 
saw a Druid.circk ol large fttoiie»« lOS tieet ui diaiiRlfrr, lite bi^^irest 
uot eight iect high, but mo6t of ibeiii Atitl erect ; tbrv are titty ui 
number. The valley uf St. Joliu's appeared iu sigbi* and the siiui- 
uiils uf Catchtdecaoi (called by CanideD. Casticaiid) and Helveilyn, 
said to be as high as Skiddaw^ aud to rise from a much higher 
base« 

Oci. 6. Went in a cliaise eight miles along the east side of Bas. 
singthwuit.waier to Ousebritige (pronounced £ws-bridge); the 
road in S4ime |jart made and very good, tiie rest slip|)ery and dan • 
gerous cart-!oad« or narrow and nigged lanes, but no precipices ; 
it runs direct ly along the foot of Skiddaw; opposite to Widhnpe. 
brows, doalbed to tite tup with wood, a vrry beautiful view opens 
down to the lake, which is narrower aud longer than that cif Kes- 
wick, less broken into bay*, and without islands. At the foot of it, 
a few paces from the brink, gently sloping upwards, stands Ar. 
inathwaite in a thick grove of Scotch ^rs^ commanding a noble view 
directly up the lake : at a small distance behind the hou^e is a large 
cxteut of wood, and still behind this a riilge of cultivated hills» on 
which, according tcthe Kfswick proverb, the »un alicay$ shinei. 
The iuliahitants here, on thecontrary» call the vale of U«frweiit-w'.!« 
ler, the Devits Chamber'poi, and pronounce tlie name of Skitlm 
daw- fall, which terminates here, with a sort of terror and averiion. 
Armatfawaite house is a modem fabric, not large, and built of dark* 
red stone, beiouging to >lr. Speddiug, whose gnindtathcr was 
steward to old Si. James Lowther, and bou;;lit this eiitale of the Hi- 
mtrs. The :ky was overcast and the wind cool ; m, alter dining at 
a public-house, which stands here nt*ar the bridge, (that cruSHi^i the 
Dcrwent just where it issues from the Ink ) and sauntfriiig a little 
by tlic water-side I caiiie home again. The turnpike is liniihed 
from Cockfrniouth hither, live miles, and i<icarrviiii; on to Prnrith : 
Several little showers to-day. A man came in, who 4a id there wu.i 
snow on Cro:»s.fell tfaifi morning. 

Oct, 7. I walked in the moiniog to Crow |Mirk, and in the even- 
ing up Penrith road The clouflu ranie rolling up tli4* nioinitaiiik all 
round very dark, yet the moon s»hone at iiiiervMl.«>. It wai too damp 
to go towards tlie lake. To-moirow I mean to bid farewell to 
Keswick. 





I 
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BolRn]> miglil be studied here to great advanlnge al anotbrr 
■on, because of llie great variety of soils and elevationsf all 1i 
witliiti a small compass. I observed nothing but several curioiu 
lidiviis, and plenty of gale ur Dutch niyrlli; iwrfuwiiig the bonlen 
of the lake. This jear the Wad(l>miiie had been opened, which it 
done OTice in five years ; it is taken out in lum|)i sonietiiaes ai big 
u « man's Gsl, am) will undergo no preparation by fire, not being 
fusible ; when it h pure, soft, black, and close-L>rjiiied> it it> worlb 
Ronietinies thirty shillings a ]>ound. There are uo char ever lakcu 
in these lakes, but plenty in Butter- mere. water, which lies a hllJc 
way north of Borrowdale, about Marliiimas, which tire potted Iter*. 
They sow chiefly oats and bigg here, which are now cutting and 
still on the ground ; the rain; have done much liurl : yet observe, 
the soil is so thin and light, that no day has pa^>sed iu which I 
could not walk out with ease, and you know I am no lover of dirt. 
Fell mutton is now in season for about six weeks ;. it grows fat on 
the mountains, and nearly rescmhles venison. EKcelleiit pike 
perch, here called Bass ; Irout is out of season: partridge iu 
plenty . 

Oct. B, I lef) Keswick and look the Ambleside road in a gl< 
morning; and about two niilet from the town mounted 
nence called Caitle-rig^, and the sun breaking out, discovered the 
most enchanting view 1 have yet seen of ihe whole valley behhifl 
nie. Ihe two lakes, the river, the mountains, all in their glory } 
so that I had almost a mind to have gone back again. The lati 
in some few parts is not yet compleated, yet good country road, 
through souLid but narrow and stony lanes, very safe io broad day- 
light. This is the case about Causeway •foot, and among Naddle- 
fells in Lancwaite, The vale you go in has little breadth : the moun- 
tains are vast and rurky, tha fields little and poor, and the inbabi> 
lanls are now making hay, and see not Ihe sun by two hours in a 
day so long as at Keswick. Came to the foot of Helvellyn, along 
which runs an excellent road, looking down from a little height on 
Lee's water, (called also Tliirl.meer, or Wiborn-water) and soon 
descending on its margin. The lake looks black from its deplh,and 
from the gloom of the vast crags that scowl over it, though really 
dear as glass ; il is narrow, and about three miles long, resembling 
in its course; little shining torrents hurry down the rocks to 
join it, bat not a bush to oversliactow theui, or cover their 
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all is rock or loose stones up to tbe vny brom, wUcfa bes bo near 
your way, that not abo^e half tbe fac^sfal of HeiveliyB can be 
seen. 

Next I passed by tbe little diapel of Wibora, ont of whicb the 
Simday Gongiegation were then issoinc: ; soon after a beck near 
Dunmeil-raise* when I entered Westoiorelaud a secoiid time ; and 
now began to see Uolncra*, distiuguisbed from its rn)s»ed nei^ 
hours, not so nnch by its height as by tbe stnmee broken out hues 
of its top, like sone gigantic building denMilisbed, and tbe stones 
tiiat composed it flung across each other in wild coolnsioo. Just 
beyond it opens oot of tbetweetcst famdftcaps that ait ever attenfit. 
ed to imitate. The bosom of the BMHiataJM spreading bere iulo a 
broad bason discoTers in tbe audst Grasmere. water; its BHif|pn is 
hollowed into small bay^ with bold eminences ; some uf rock« 
some of soft turf, that halfcomaeaied, and iwy tbe figure ot the 
Utile lake they command: from tbe sbore, a low promoii'ory 
pushes itself ftu- into the water, and on it stands a wliif e vilUge 
with the parish church riang in tbe midst of it: hanging iuciosarei, 
eom fields^ and meadows green as an ememld, trilb their trees and 
hedges, and cattle^ lUI up the whole spice ftom tbe edge of tlie 
water ; and just opposit e to ycm is alarge fenubouie at the Urttom 
of a steep smooth lawn, tmboscimed in old woods, whidi climb 
half-way up the moaatain s side, and disooter above them a broken 
Ime of crags that croww the some. Not a single red tile, no ^iirifig 
•gentlemmi's boose, or garden-walls, break in upon the repose of 
this Kttle unsuspected paradise ; hot all h peace, rusticity, and happy 
poverty in its neatest most becomibg attire. 

The road winds here over Grasaiere.hill, whose r>cks soon 
conceal the water from your sight ; yet it is couthiued along beliiiid 
tliem, and, contracting itself to a river, communioites with Ridale. 
water, another small kike, but of inierior siae and beauty ; it seems 
shallow too^ for large patches of reeds appear pretty far within iU 
Into this vale the road descends. On tne opposite Imnks lari^e and 
ancient woods mount up the hdb ; and jusl to tbe left of our way 
stands Ridale-hall, tbe family seat of Sir Michael Fleming, « large 
old.fashi ;>ned labric, snrrou ded with woo«l. Sir Michael is now 
on bis travels and all this timber, far and wide, l>cloiigs to hira. 
Wear the house rises a huge cr^jj, called Ridale-hi ad, vihich is 
sairf to command a fitU view of ^ynander-mere, and 1 doubt it 
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not ; fur witliin a mile that great lake is visible, eveo from the road; 
as to going up the crag, one might as well go up Skiddaw. 

I now readied Ambleside, eighteen n)iles from Keswick, meaning 
to lie there ; bnt, on looking into the best bed.chamber, dark and 
damp as a cellar, grew delicate, gave up Wynander-mere in 
despair, and resolved I would go on to Kendal directly, fourteen 
miles farther. The road in general fine turnpike, but 6ome parts 
(about three miles in all) not made, yet without danger. 

For this determiuation I was unexpectedly well rewarded : for 
the afteruoon was fine, and the road, for the space of full five 
miles, ran along the side ot Wyuander-mere« with delicious views 
across it, and almost from one end to the other. It is ten miles in 
length, and at most a mile over, resembling the course of some 
vast and maguilicent river; but no fiat marshy grounds, no 
osier-beds, or fnitches of scrubby plantations on its banks : at the 
head two vallies open among the mountains ; one, that by which 
we came down, the other Langsledale, in which Wry. nose and 
Hard.knot, two great mountams, rise above the rest : from thence . 
the fells visibly sink, and soften along its sides ; sometimes they 
mn into it (but with a gentle declivity) in their own dark and natural 
complexion : oftener they are green and cultivated, with farms 
interspersed, and round eminences, on the border covered with 
trees : toward the south it seemed to break into large bays, with 
several islands and a wider extent of cultivation. The way rises 
continually, till at a place called Orrest.head it turns south-east, 
losing sight of the water. 

[^Mason*s edit, of Gray's Works. 

Loch^Lomondf and the adjoining Lakes. 

North.Britain may well boast of its waters; for so short a 
ride as thirty miles presents the traveller with the view of four most 
magnificent pieces. Loch-Aw, Loch-Fine, Loch-Long, and Loch- 
Louiond. Two indeed are of salt-water ; but, by their narrow- 
ness, give the idea of fresh water lakes. It is an idle observation 
of travellers, that seeing one is the same with seeing all of these 

superb waters ; for almost every one I visited has its proper cha- 
racters. 

Loch.Leven is a broad expanse, with bles and cultivated shores. 
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Locli-Tay nialiFt llirce bolil ivin<flnj«, lias sleep but doping I 

rullivalcd in mail) parls, and [mutiiled liy vuist liillt, 

Mb>ltaiiRDcIi is broad and sttuit. ha:; mure nildnejs about it| 

■III a large iiaiural |>ine wood nn ila toutliern banks. 

■ LocluTomel h nurrow, confined lij llie sloping sides of sl«p ] 

Mis, will hiis «ifl ils wealrrri limils, a Hal, ricli, wooded country^ I 

d by a moat serpentine stream. 
7 The Loch of Spink- is ulmasi ou a thi, and ils sides much i 
lea led. 

Loc!i.Mn_y is small, and lias snfi features tin its baniis, amidst 
rude environs. 

fLocli'Ness is strait and narnnv : its shores abonnd with a wild 
re, loA}', precipitons and wooded, and liaa all the greats 
B«f au Alpine Ixke. 

kIi.OicIi Ii;is lofty nmnnliiiiis at a small dislance from lis bor- '. 
Jj' llie shores indenled, and llie waler deenraled vi 

b-Loch ivuiils tile isles; ils shores slope, and several straith* | 
nte on its tiauks. 
i^cb-Aw is long and waving: its little isles Itifled wilh trees, 
idjust appealing above ibe water, its two great feeds of iTalerat J 
b eslreiitily, and its singular lateral discharge near one of tlicmt 

ivDtly mark ihin great lake, 
iiocb- Lomond, the last the most beautiful of the Caledonian 
The first Tiew of i! from Tarbat presents an extensive ser- 
9 winding amidst lof>y hills: on the north, barren, black • 
i ndtJi which darkeu with their shade that conlrarted part of 
Near this gloomy tract, beoealh craig Roslon, was 
llie principal seat of the M'Grcgors, a murderous clan, iufamons 
for excesses of all kinds ; at length, for a horrible massacre of the 

«'~ ' iihoans, or Cahouns, were 'proscribed, and hunted down like 
beasts; their very name suppressed by act of council; so 
!he remnant, now dispersed like Jews, dare not even sign it to 
««!. Their posterity arc still said to be distinguished amon; 
Inns in which they have incorporated themselves, not only by 
the redness of their hair, but by their still retaining the mischievous 1 
Hispnsilionsof iheir ancestors. ' 

On the west side, the mountains are clothed near the bottoms 
with wuods of oak (|uite to the water edge ; their sunimils lof^^ 
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On tlie eait si'le, ilie inounlain't are eciuullv high, bul llt^ 
fiimt ii mmr cvtn riclae painlW li llie lake, exccpl wbertU 
LiittioiMl, like Haul imiiHri bis coinpiiiiioiis, overlop> lh« ret). 
upp^-rpHTtx wcfp bluck ami burreti; tlie Iomct bad grval mn 
fcnUiiy. or at leait of iwiwi-try, far the yellow corn wad fiudd 
ira»t(<l Willi ibe verdure of the eroves mterauixt-il willi h. 

I'bh fS'^teni biiundary i* pad of Th« Gfam|iian bills, 
tend from litnce tbrangb llie cmuiiieti of Perlli. Angitt, 
ai>H Aberdeen. Tliey lake Ibeir iiHin« I'roiti uiiK h itnglr liill, iht J 
MiMis Grdmjiius of Tacilin, nliere Galsaciia wailed iliv ajiitroacli 
of Aerirola, and where llie batllc was fv(ij;hi so fatal i» iU< bnvu 
Caledonians. Antitiuarians buve not !(|>reed upou lli<- partirulm 
«pol ; bul Mr. Gnnbin places il near Coinrie, »t ihe ii|i|Kr rnd irf 
Stralbeni, at a place to this day called Gatgachun Moor. Bui l« 

The rnad runs sometimes through woods, at others i* expcmd 
and naked ; in somr, so sleep as to require the submit of a watl; 
the whole woik of Ilie soldiery : ble<ised exdiaii->e of iosiniitwiita af 
destruction for those that );ive »alely to the traveller, and a poliili 
to tile oflce inaccessilile native. 

Two great headlands covered witb trees separate the first <xem 
fiom one totally difiereot; the lail a called (he Point of FiikiH. 
On |>ss)ing ibis cape an expanse of water bur.'ts at onre on youi 
eye, varied wilh all Ibe softer beauties of uaiure. Imnii-diately 
beneath » a flat covered wilh wood and corn : beyoitd, the head- 
lands stretch tar into the wati-r, and consist of gentle rl^iii'^a : ntanf 
have their stirfttces covered with wood, others adorned wilb trers 
loosely scattered either over a line verdure, or the purple bloom of 
the healli. Numbers of islands are di^perj^d over the lake of Ibe 
same elevated form as llie lillle capes, and wooded in Ibe oame 
?r; other$Just peep abnce the surfoce, and are lufied witti 
trees; and numbers are so diipused as lo fo>m ntagntHcent viaKH 
between. 

Opposite Luss, at a small distance from shore, is a inoiuiMiinniii 
hie almost covered wtlli wood : is uear half a mile lim|t, mid hua *. 
most One effect. I could not roui't the number of islands, bul im 
laid there are Iweuty-tight : llie largest two miles long, and slocked 
wilh deer. 

The lenglh ',( ihis cliarming lake is 24 Scotch mues ; 
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lirendlli eight : iis grealest deplb, wliicli is belwceu ilic point o 
Firkin and Ben-LooionH, is h hundred and twenty Tiitlioms. Besides 
the fijli cnmnion (o the lochs are Guiniads, called liere Poans, 

At this lime were living at tlie little village of I.uts llie following 
persoos, mnst amazing histauces of coteniporarv longevity; and 
perhaps proofs of the uncommon healthiness of the place. Tliese 
compose the venerable list : 
J Rev, Mr. James Hoberlson, Minister, aged.,,, 90. 

tMrs. Bobertson. his wife 86. 
Anne Slinrp, thiir servant 94, 
Niel Macnaughtan, Kirk officer, 86. 
Christian GaVi his wife, 94, 
Walter Mackllan 90. 
Tlie country from Lubs to the southern extremity of the lake 
iitinually improves ; the mountains sink gradually into small liitls; 
llw land is highly cultivated, well pliintcci, and well inliabited. I 
was struck with rapture at a sight so long new to me : it would 
bavs Iteeu wilhnut alloy, hnd it not been dnshed with the uncer- 
tainly whether the mountain virtue, hospiliilily, would flourish wilfi 
equal vigor in the sofler sct^nes I was on the point of entering un ; 
for in the Highlands every house gave welcome to the traveller. 

On the road side near Luss is a quarry of most excellent slates; 
aiid near the side of the lake, about a mile or two farther, is a 
great heap of stones in memory of St. Mac.Kessog, Bishop and 
Confessor, who suffered martyrdom there A. D. £!20, and was 
buried in Comstraddan thurch. 

The vale between the end of the lake and Dumbarton is unspeak- 
ably beautiful, very fertile, and finely watered by the great and 
rapid river Lewin, the discharge of the lake, which, after a short 
course, drops into the Firth of Clyde below Dumbarton ; there is 
scarcely a sjMt on its hanks but what is decorated with bleacheries, 
plantations and villa*. Nothing can equal the conlraiit in this day's 
journey, between the black barren dreary glens of the morning 
ride, and the soft scenes of the evening, islands worthy of the re- 
Ireal of Armida, and which Rinaldo himself would have quitted 
with a sigh. 

Before I take my last leave of the Highlands, it will be proper to > 
•bservc that every entnnce into ibem is strongly marked by nature. 





2/2 SPRINGS, HIVEBS, CANALS, LAKES. 

On the soulh, the narrow and wooded glen near Duiikcid ioslaHif* 
\y shews the change of country. 

Ou the cast, the craggy pass of Bollitir gives a contracted admis. 
•ion into the Grampian hills* 

On the north, the mountains near LocluMay appear very near, 
and form what is properly styled the threshold of the country ; aud 
ou the west, the narrow road iinpeiidiii<; over Loch-Ix>inond fomis 
a most characteristic entrance to this mountainous tract. 

But the Erse or Galic languai^e is not confined within these li- 
mits ; for it is spoken on all sides beyomi these mountains. On tlw 
eastern coast it begins at Nairn ; on the western^ extends over all 
the isles. It ceases in the north of Cathness, the Orkneys^.and the 
Shetland islands ; but near Loch- Lomond, is heard at Lusa^ at 
Buchanan, east of the lake, and at Roseneth, west of it. 

The traveller, who has leisure, should ride to the eminence of 
Mil legs, to see the rich prospect between Loch-Lomond and the 
Clyde. One way is seen part of the magnificent lake, Ben-Lomond 
and the vast niounlains above Glen. Crow. On the other hand ap- 
pears a line reach of the Clyde enlivened with shipping, a view of 
the pretfy seats ot Roseneth and Ardincapel, and the busy towu 
of Port-Gla.-^gow and Greenock. 

[Pennant^s Tour in Scotland, 

Lock- Ness, By the Rev. Mr. James Fraser. 

Loch Ness, according to our Highland tradition, took its name 
from Nisus, an Irish hero, who, with Doruadillo his wife, settled i 
colony in Stratharig. The promontory on which he had his rfsidenee 
is to this day called Doun Dearnill ; and he i>eing the first that ever 
oftered to set out boat or barge upon this lake, it is after him called 
Loch-Ness. It is 24 miles in ieugth, and in most parts twoia 
breadth. In many p,arts of this lake it has been sounded, with 
more than 500 fathoms of line, but no bottom found. The banb 
of this lake are high and mountainous, with woods. The lake 
never freezes, which is imputed to the many great springs and 
fountains in i(: the only fish in it is salmon. This lake discharges 
itself into a river of the same name, six miles in length, which 
never freezes, but always smokes with frost. On the north sidf 
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of Locli-Ness stands, on a rock, tbc famous castle of Urqhatt; tbe 
great ilitcli loiind il was for tbe most part cut out of the lock, 
and recetveil water from lUe lake. This castle coosisled of bctcu 
great fowen, and it b said was built b^lhe Cuiuiners, or CumiDgf, 
but was demolblied by King Edward the First of England, leaving 
only one tower to the ea&t, still remaining. About four miles to 
the westward of ibis castle, on the side of Loch.Ness, stands liiat 
great mouTiIain Meal-fuor.vouny, of a round shape, and very 
high, esteemed two miles of perpendicular height from the lake. 
On the very lop of this Lilt b a lake of cold fresh water, about 30 
fathoms in length, and six broad, no course or stream runuing 
either to it or fVom it. The bollom of it cannot be sounded. With 
100 falhoms of &mall line I could find no bottom. It is always 
equally full, and never freezes. 

There is, due we~), from the end of the n'rer Ness, an arm of 
the sea, culled Bei>ty Frith, six iniles in length and two in breadth. 
Tb« bollom sterns to have once been firm land, for near Ihe middle 
of it are found long oak trees, with llieir roots entire, some above 
60 feet in length, Ijing covered with the sand, wbich doubtless 
have grown (here ; tlierc are also three great cairns or heap of 
stones in Ibb lake, at considerable distance from eacb other; one 
of a huge size, in llie middle cf the Frith, is accessible at low 
water, and agipears to liave been a burial place, by the urns which 
•re soiuelimes discovered. As llie sea encroaches and wear* the 
banks upward, there are found long oaken beams of 20 or 30 feet 
lang, someof ibeui 3, 12, or 14 feel under ground. I saw one of 
llKin 14 feet long, thai hail Ihe mark of tbe ase on it, with several 
xugre bores in it. Tlie river Beuty, which falls into this arm of the 
sea, near Loval, has sunk so low ibat oaken trees of great length, 
and 16 feet under ground, are discovered in the banks, with layers 
of sand, gravel, clay, and eailh over them; and we have found 
some ouks, with coals, and pieces of burnt limber, as low as Iti 
feet deep. 

About 17 miles due west from Beuly, there a a forest called 
Aftaruck, in which there h a mountain called Gieob-Ica, and on 
tlie norlli side, under ibe shade of a great sloping rock, stands a 
lake of fresh water, called Locban Wyn, 01 G teen Lake, 18 feel 
in diameter, abr>ut a fathom deep, wbich is always covered with 
ice, summer and winter. The next monulain, north of that, is 
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called Sr6iriu-Lappicli; mi llie rop or wliicli is a vast hcapof 
wUit« atones like cryilal, eacli of lb«iii Itirger tliaii u mua cau tliroWf 
wliicli Blrik« lire like flint, and havf the smell of lea-wceU. On 
(bU inounlain »k foiHid alMt oyster, scaJlup. and liinpet^lidbt 
tlauu^lt Un autrn fioni wij sea, Rounrt lliN tiill grows |[>e ws pink, 
iu lri>ti, Ivarlai;, haTuig tlw taMe and cuK'ur cf that which gtvwt 
«ii the s«3 banks. 

Tlie Pagan temples, or high placet «f tdoliitrj, arc still very nn- 
loeroLis bore; or* the ri<rer Mde nf Natden f rrcboiied \3 in loo 
miles : thej are round, and at the west end lujve two hij-b ilooci 
Hke pjiramkh; there is an outer and inner circle of lesser atones, 
and a rannd mote \n the centre fut the sacriRces. Anotlicr sort vi 
liiem is.oid.f of earth, with » trench rouud ubouli and » mule in 
the middle. In maii^ of these I dad a round heap of stoot* with 
vms hi lliem. It xeenis a different religion afterwards cliangul 
Ibeie places ot' worsjiip into burial places* 

[Phil.TrM. 1699. 



Iiougk-Neagh. 

Most of the ancient writers, who have treated of Irelaorf, btre 
mentioned the |>eculiar qnalities of Lougli neagli, a( turning WOed 
hilo ilone ; some of them* have gone so farastana;, thalit wouU 
mrn that part of the nood which wa^ in the mud inio troit; ibe 
part in the water into stone; while the part above walcr Koutinnl 
wood. 

8ome lafer writers, partienlarly Win. Mulyneux, Fnmcia MmL 
and Edward Smvth, and from them the late Dr. Woodward f^ iml 
ftthera {, seem rather to think, that this petrifying qusMty dots aUt 
He )M much in the lake itself, as in the ground near or about it. 

Mr. Edward Smyth ^, who enlarges most on this subject and 
leeiiis to have led the otliers, and drawn them itrto his opfnioOi 
tells us, "That no experiment or observation jet made, which In 
had heard ofj could prove ihat liii& lough hits really the qualily of 



• BncliiM Hill. Gem el U|i.— Orig. 
-t- Catal. of Enelith P<Kiil9, pari D, [1. 19.— Ori;;. 
t Sir Joaiei Waie'a Aniiq. b} Wall. Harrii, p.iST. ejil. fT47, f 
Orig. 
I, Aflerwanls Btibep ofDawu. SeePliU.Tiaoi.Ha. 174,^-Onc^ 
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petrifyiim: wood, or that the water o 
the petrikarioo." He Ibcre eives iti 
worth and credit, " who bad fi\ec iwo 
ftrent pbccs of the hmeh. near tias 
cnten into h, and that the part« ox tut 
ed by the water for about imiPteeL vbk^ ys- 
ont any altoatioii, or iht leas: aooBe: u ie 

Another leasoB for fas QouvtBE a: tnt- 
it is refiorted that the wrtc nm tn* ^vue. 
blacfc-water < liiiiaugt* irstf an im* mm, -m 
dent, from the aatiire vf jhiiiic 
one part amt BecxHaiihr m 

aonie deliver tflefCMPe, s^ !& tvs^ i ^ 
that the water k winiif -oannuii «r uh vrcmiiw!: msci*- m 
feir Ums kywcr beiels «ol. ' Tna ir oir. MinuBr x^u;;^! . • vm. 
jectuv. that other wooc m mtk. m Mu.r jvc «p«&. si'is^xims m«» 
thisloagh; Wiabjb. aniB^ aweraia. msac ^caMiL % r''^-'^*** 
ftom whoa he had tne ib- ' jiimi. mm mh, tsik t*^ j^ . . w« 
buried, ia theaad af tnifrinnpi fl«^. tfvc^ ^'i*. a e>^ r^***-^ 
And raali Mtrifted; aac mhhk w tttt mv:. %at t«r a^i^^ ■■< -.»-» 
coald i ca n pe iy ha mmmi v^ i Maa « «M;i- urtr 




«onM aataovr xhe 

lie aappaaec Nt« Iiaivti.. w* tv. ffflAi 
brancbeit aad we iii?T»in r-jimm*!^ ? '09» i<t «^ ...^^.^w • 
he wai hy the huk of Uk^ t9^m & ^wv v-srof ^n, ^h ^ - , '^, 
" beeaaae, nyi tie. wi< otifer mr- a Uss ts^uo^ -a*--^ -^^i^.^m* 
gnws to Ihfll ^M aofc ar. iCMf r • ^stenim its*. ««<>.. «k.«« 
doei* 

But how Mr. svyu.' chbr: k ^^ ufvwMt^ Vs«. t^ic*' i^^^ . «■«« 
oak, aadMtholrv. anc f^ vi«k mp 4;w%fi«i>0r « ^i*- «^ ...... .« 

lity in loiiie pam cif iK fffUBL tifM«r 'tM^^- **^ ^.^^ «.,»^ ^ . 
lied in iIb and, is matszatf - for f « Msao #" v.^- ^>wt '^-.^r. .• 
draw themfixNa thence, r aur ut ^i- ukr: v^^:«« :.^^ ,, ^. . 
adjacent ^Tonod '.where toe« aiar aft**t r^M^i jAm- «'^. ^- ^-i. 
ed) into tiie Bud of tiie ake, wii^m tj#r •wEt' ^:yci^*:'^ «vu^ 
for it Bttrtbe mppowd, that eitM:f tu*:^ H*fr' jfs«« >s t;«^ --^r.^ ^j 
the lake, aadj thmnrii n^ or a»% otii^f vjLgi^af^ lei. a^o u^ 
water or mod, and were there prtrihec : vr tinr, witc ^evt iahoar 
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pense, lliey nere brought tula it from some adjaceDt gtv 
Hicir actual petriliralion, which is Imrdljlu lie snppowrl. 
Mr. Smytti (el!i you furtlier, lliat "Two geallemra of (he north 
of Ireland whrre llria loiigli lies, had toW htm, tli»t Ihcy bad inn 
the Mine borfy, parilj wood, and parllj stoiie ; Uut the only reason 
for thinking so, beiirg the diversity of colours, which might weH 
enough proceed frotn several degrees of petrification, we may jiro. 
perly Ihinfc them deceited ; for they made no experiment on ihil 
pnrt which they repoted wood. The bark is never found petrified, 
BS he was informed by a diligent inr]uirer ; but often somewhat rol- 
ttu about the stone, answerable to the bark." 

Mr. 3niyth coolradicta himself no less in his last Buppoaitran, than 
he did in the first. His friends assured him, that they had seen one 
or more of the Lough- oeagh stones partly wotkI and partly glone ; 
but they were deceived, he says : the diversity of colours, bywhirfc 
they judged one part of tlie stone by its colour to be wood, and Iht 
other part likewise, by itj colour different from the other. In be 
(tone, were no more tiian dilTercnl degrees of pelrificalmn.- Wbiil 
ate wc to understand by these different degrees of petrifaction t ky 
this umelhipg rotten about the stone oflen found? rfnol. that 
some part of the wood wh« actually turned hilo stone, SAtne itilirr 
part in a degree less pelrifinl, and some olhei part not fwln&edtf 
all, as these gentlemen assured him: the diversity of coloars, W>> 
ing and feeling, was cnongh to convince them, and to detemtDt 
the point, 

" The enrlh, says the great Robert Boyle •, harbours diSereal 
Itinds of pelresceut liquors, and noiny of them imprei-naled witli 
one sort of tuinerdl or olher." There are no springs, do wslen. 
but are more or less impregnated with such mineral and salhue par- 
ticle*; which appears from the most limpid; which after et-apora- 
tion, still in the retiduum, gives some particles of salt, with Mint 
stony and mineral ones. 

Mr, Smyth has found by experience, that petrifying «prii>gs b« 
generally impregnated, some with calcareous and particles of other 
stoues. and others with ferrugineons and vitriolic particles. Tlio« 
of the stony or calcareous kind, when ihey drop on wood, or ollwr 
vejjelables, act on them for the most pan by incrustation, having 
different deforces and periods for their respective incrustations oi"' 



* R. Bajle, of Ihc Origin anU Victuci uF Gccni.— Orig. 
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«oaliliaB«, which v«t wthece dose to each other : ibew seMom tt% 
(he wood inio stone; but, sikiiit^ tu the •uod, plants ttc co^gii. 
Ute ott (ti *.iA b; <icgrces corei i( «ilfa ■ ciuti ot a wbitKh Hib> 
fclauM of diducot thiekaew, by which the wood is iumtciged or 
wnipped iu asUHrrcoal. whidi, i/il be broken bclure liw wood be 
nitleo, }'ou tind U m the heart of the »loDe or incrustulioi^ k» b 
teeti u)lbo$e|wtnfic«(ioMsat Mvuilliag meadows in Gloucedenhirr, 
al Hermitage near Dublin, and uiaiiy other places : at, if the wood 
be TBtEeu, ji)u will dud a caiil« in Itie slime, which very often u 
filled b^ a subsefjaent iacnislalioa or petrilicatiua ; ihe itony puti- . 
cles lltcii l4king tlie place of the rollen wood. 

Sotueliiues icidfefl, these waten, pcnnealing Ihe pores of tlw 
Woud eilliex tuagitudmally or tran^ver^ly, insinuate ihemselves into 
llicm, fill litem up nilb Uv:a slouy particles, swell, aud, by iheir 
biuning or corrodiug quality proceeding from Ihe linirutoue, dc- 
■IrO}' Uie wood, and aisume the shape vf Ihe ptani, the place of 
which the; hare taken. 

Tlieie petniicatioas generally fermeDt with acids and spirit of 
vitriol, and hy calcination nny he reduced lo liiue. 

Ferrugiueous ot metallic petrifying waters itiustly act by instati- 
eting llieir liuest pa/iicles tbroitgh llie putes and vesseb of the 
wood, or other tc^eliihles, without incieasiitg thtir hiiUc, or aller- 
ilig llieu l^ture, though tliey greatly ItKrease ilieir sjiecilic giaviir : 
and such is llie petiiliL'd wood found in or an the shores of Lougli. 
neagh : for il docs nut sliow any oulnard addilioa or coaliliou of 
ifitAo^ matter ailhcring to, or coreriug ii (except iu some places, 
^^rbere a tlaa slimy sulisiance, taken notice of hereafier, is touieliuies 

pierfed,) but preserve the grain and vestigia of waod : nil llie al. 
ilion is in tlie ivti^ht aud closeiic&s, by Ihe mineral jiarlicles 

itvadiug and tilling ihe pores of the ivood : these stones, or mlher 
wood-sloaes, do not make the least ellervescence with spirit or oil 
of vitriol, nor aqiiufortis; which shows that ihey are impregnated 
witli melalline pailiclei, or slony ones, dilTereul from ifae calcareous 
kind ; aud may he the reason why llie petrified woo((, mentioned 
b>N. Grew)^, made no ebuUiliun, at which it seems he was sur. 
]kri»ed f. These stones he could not reduce into lime by (he most 

'• Reg. Soc. Mui. p. KTO.— Oiifi. 
t Tliit conlradicls En oberT.ilion of Mr. JohD Be» 
130), Tbal moiily mineral nanea will stii with acidt 
hate trieJj Tthcttici En£litli oi [ri^h, did nol at all st 
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iotciae fire, nor, witli fropcr itigicdiciiu, procure > veUifica 
fusion *. 

Though mines liave not periiaps been tli^covered neur the | 
tlicre is reason to Iwlicve lljat lliere are such in il» ueigliboi 
iTOm the t;reat qoHtility of iron-alunes found on il» •>l>or«ti'1 
plRccs arfjacent to it, Riiit from llie yellowish oclire and claj' to be 
met wilh in many plHce» near il. Of tlieite iron-stones, which are 
fPTy ponderous, oulwardiv of an oeherish yellow colour, and in- 
wnrdlf of a reitdish brown, he calciued man;, and found the pow. 
der of all to yield »liangly to the ma^jiiet. Gerald Boalei meuliua^ 
iiii iron niincj in the county of Tyrone, not fnr from the lougb, and 
sudi others at the foot of SIcvr-Oallen nionntains. 

Thai tninefl are generated and found in the bowels of liHIi lod 
moHutains, is obvious to any tlial have the least knowledge of nif- 
bdlurgy i and that springs also proceed from inounlains, in no kit 
obvious; tlierefore should a spring happen in the bowels of >ny 
of these oiouiitains to run through a vein of mineral of any kind 
whateTer, it will wash and dilute some parts of such mineral, im. 
preguale itself with the unctuous, saline, and metallic particlnof 
such mioes, and convey lliem aloug willi its water ; nnd if in lli 
way, whether uoder-grouud, or at ils issuing out of the rlifli of i 
iiiouutaiii, of the sides of a river, or of I be lake in question : or 
whether it rises under water, in the iniddlf of such a river or lake 
in any particular place, ami tu ita conrte meets Hith wood, Tcgeia- 
bles, or any other lax bodies (lodged in the mud or gravel), whote 
pores, by the natural heat of the mineral slreams, or aiiyr other 
accident, being open and duly prepared, these metallic molenilir 
and saline particles will penetrate through, insinuate and lodge 
theniielves m the pores and vessels of siicb wood, fce. fill them up, 
and, by degrees, turn them into stone t; "There being some of 
these lupidescenl juices of so fine a lubstmice, yet of so pelrUyingi 
Tirtue, that ihey will penetrate and petrify bodies of very diderent 
kinds, and yet scarcely, if at all, vi»ibly increase tltetc but 
change their shape and colour.'' 



* Sinnei af ihp calcarenus kind lurn lo lime br calcinatiai), DDd 
■rittiacids; bui other kinds, iBcb a> slalc, Dre-sloDc, Trec-tto 
Sic. will dn neither, ai Plpcrlence hiu hilherlo lealiBcd, — Orig, 

t Nat. Hi«. of Inland, Dnb. nse.-Orig. 

t lUb. Bojrle of Gems, p.l!4, 8vu.— Orig. 
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^k'That such springs lliere aie, hiilden uDclvr th« HHter or mud of 
^bU l^kp, »ill a)t|ieLir probable, Irani wliH lias been said, and per- 
faapi evidviil, Irum ibe accounts siitce received, tliat iii the ereat 
fewr of 1 740, the lake was fruzen over so as to bear men on borne- 
back, 3'et leieral circular spaces continued iinfroxen. But hiiur 
leveral attenipls, made, as menlioiteil, by Messrs. Moliueux, Ns- 
vil, andSnyib, to procure wood half perilled (by fining stakei of 
holly ill the lake, which received no alteration) proved unHiccesslul, 
the [«aioo I tiiink is |ij4in, becau^ tlwy were not fixed in the pro* 
per place, viz. the coarse or vein of tlie spring, nliere uolhing but 
chance could liave ilirected Ibem. This petrified wood U oflen 
found in different places on the shores of llie lough, hut generally 
in greater plenty wlien tlie water has been disturbed by ^^reat 
storms; wliich makes it impossible to fix on the particular place 
wttete the pet ri tying juice must prevails; except a tree, or any 
larger piece, should be found so fixed as to resist the force of 
the waves. 

That IhJs petrific quality U in some peculiar \»tU nf the lake, he 
feas endeavoured to prove; that it is or may be in some peculiar 
places of the adjacent ground, he grants; thougb as yet he could 
not procure any nf those stones found in the ground, with wood 
continuous. Such as he has seen, are of the white whetstone kindj 
and seem to be holly or ash, |>etrified by some strong nitrous and 
stooy particles: for, in a si-lution of it in aquafortis and oil of vi. 
triol. it leaves no tincture, but tlie liijiiur growing muddy, like 
fnpc^water after great raini, and therefore shows that they are not 
so strongly impregnated with metalline particlesi as those stones 
found in or on tl>e shores of the lake. 

Mineral streams or exhalations, being highly saturated with 
stony and mineral particles, are often found to have a petrifying 
virtue, as is seen at the bath called Green Pillars * lit the city of 
Buda in Hungary. If such streams should, in certain places, find 
ot force ihetr way lhrou[;)i the sand or pores nf the earth, they may 
operate on wood, &c. buried in the grotifld, permeate its vesM^ls, 
and by degreeti turn it into atnne ; and such is the most |irabable. 
If not the only ri^ason, that can be assigned for thuse petrifications 
«f wood found in sand, as mentioned bv Boyle aud Plot. 
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He KMived lail siimnier. 1743, ffom a fitrnd abaot lliJity of 
Iheie Moucf, fuunil ou the shores of the lake, aodm ia the tvalrr, 
some in tlieniud, sunie in llic ■an'), and otlierNin a y(-Ilowi»li c\v\. 
Thai rbe; w«re petrified hi ihe lake i> prubable, but wIkI lier in tl>c 
water, mud, sand, or clay, is no matter ; Tor ccrtaiit i( is (lo use 
Mr. Smytli'i own wordi)j tl>»< 'hey were not brought hillier froro 
any dblaucv, such at 2, 4, 6, 8 miles, after bein^ dug out t>[ tbe 
gronnd, sud ihen thrown and dispencd on the shores of the Me; 
and heiiUes, the difference in tbe colour of ibese stones, tliosefuund 
in Ihe lake, and iIiom I'ound in tbe ground somewhat distiml horn 
it, is sucblhal theycuonot wellbenitiiakenforeacbother. Tbiit<^ 
fotaid in the ground are white, and of a looser texture ; those foiintl 
in or on Ihe shores of the lake are black, clo&er, and liearicr. 
That these laal wen^ petrified by a iiiJncTnl ipring, a^jiears from 
tlH few following observalions. — They do not ferment with acids, 
spirit and oil of vitriol. The solution of tliis stone in aquHforti) 
gives a beuulifiil red tincture; and in oil of vitriol leaves a tincture 
of a brown dark red. The woody (lart of these stones in aqnnfortis 
aho gives a red tincture, though somewhat |Hiler ; and, when tnken 
out of the liquor, shows red spots in its pores, which be lakes to be 
panicles of iron and sulphur: these s|>ots, when llie wood began lo 
dry, became black ; and the wood, when dry, turned of the coloiu 
of a deep red Je8iiJt's.bark. 

In some of these stones, several curious veins, of a red and bluiili 
colour are very remarkable, being intermixed with black and while 
atriK. Having broken some of ibein, he found in the inside i 
of while, and several clusters of small while and black i 
crystals, uliicli through Ihe micrusc(i|M: appear Iran&ftareat, 
different t>hapes, but mostly heniiguiial. I^e discovered sncti c 
in some of the woody part of these stones. 

One piece of a white stone he calcined in a wucihle for t<reii^> 
four boiir^, but could neither reduce it to coal nor lime, 'flie 
powder yielded faintly to the miiigiiet. This stoue was found iu 
the ground at souit distance from the lake. One piece of a bkck 
stone, found iu the lake, he likewise calcined for tivt-uty.four huora, 
and could not reduce it lo coal or lime : the powder yielded br^ikly 
lo the magnet, He calcined oue piece of another stone, about one 
inch thick, for about four liours, in au intense fire, till Iigrew as red 
as it could be, wLeu be took it out of the crucible. He obseiv^ 
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sewral veins, nat discernible before, of a ferruginous matter^ Rbout 
•fB of nil inch thick, and when reducvd lo powder, it applied slrongl; 
to tiieiuugiict. 

In otiier sloues lie found some veias of wood, aliout one and two 
iuclies thick, no way petrified, though the slones were everj where 
so oulwardly. Some of that woody part he also burnt in a crucible ; 
it eniillrd a bluish fiaine, as if impregnated witb sulphur, and had 
tlie strong smell of burning churcoal. When burnt to a coal, and 
reduced into powder, it faintly jielded to the magnet. 

He calcined another of these stones, weighing I oK. IS dwtb 
12^ gr.; after burning four hours it weighed only 1 02. 10 dwta. 
&i gr. wliich Jo«t 3 dwts. 4 gr. ; « liich proceeda probably from ub. 
pelritied veins uf wood in the heart of the stone, which weie de- 
stroyed by the fire, as in the crucible it emitted how and tiien a 
bluiuli fl-jme, like brandy when burning. This Blone, when taken 
oul of llie crucible, and cooled, had the colour of iron, when heated 
■o, and cooled from the forge. 

Part of another sluoe, which by visible veins of ore, appeared to 
contain a good deal of iron, he likewise calcined for four hours; 
the powder yielded most surprisingly to the magnet ; so that it aji* 
pearai lliat the opiuion of Nenuiua, Boeliua, and other ancient 
writers, was i[ol absolutely destitute of foundulion. 

The white wnod-s}ones arc generally found in the ground at % 
4t 6, and a miles distance from the luke, and snraetiines very deep 
in the earth. The black ones are always found in the water, cr on 
the shores of ihe lough ; sometimes at the muuths of rivtrs or rivu- 
lets that empty ihemaelve.^ into it ; but those with wood cotilinuouB 
Lave not yet been found above twenty yards distance from the wa. 
terof theluke; Itiat ii«, wlicre the water reaches in the winter, or 
at other limes. 

Some oflbese stones are outwardly covered with a thin white siib> 
stance, wliich bus run llirough the porei of that part of the stone that 
was exposed to the air, and not covered by the water, mud, or clay; 
and on some oUiers it i^ raihcr an incrustation of that while sub- 
ktSDM, which betakes to he the slimy, unctuous, saline parts of the 
pelreaeenl juices that tilled the outward pores of the stone, or coa> 
gnlated on it. This white pai't scraped, and put into a crucible in 
a violent fire, could not be reduced lo lime, though it grew red as 
coal* U'bis powder calcined appealed through the inicroscojie 
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qm>lrai>gi)1ar, like grain* of nil ; wliich mini* bin iinpccl, Ont 
tbe*« peinliraliuiii ciiiiiain, brtidet invulline, b gieat ilral tHnliue 
|nuIk1i», wlitwe M'lcK being Blrunglv utiractnl to each olher, *aA 
doiclir joiibC'l, liinitcra tbc tire rroiii ex)Miiitiiig Ihe |>ot«» «f iIkw 
iluncB, Bud lltfit beiug reduced la lime. This blHck atone, wlira 
brukra, ap|war« iIkohijIi llie mterogriipe vrrj' bcuiiiilui, and likt 
dolli ut'iilvrr, Ihe puics luiil veucb at' the wood beuig lilltd witli 
whitv uiiiiute ctysiuU. 

Of tlicic sluntra Mr. -S. had »gmB with woml uulwartJty contmuoiu; 
•then ttilb wood inwanlly i out, tlie Icnit, (mrl is uf sione, iLi- rrst 
wood : miolliM vtc* vcisB ; auudier eiitiwl^ wood, txccpi a ibia 
coal of tliMie oil onv »id<r, whidi a|ii)eHr8 lo be tlie very tnrk : ok 
Btoiie whicb at one end distinctly shows llie auiiuul riiif-leia uf ihe 
wood; one ihat shows ilie wood, b«tore it was (iciritied, hud beta 
bent, and partly broken, Ibe fissure bein;» filled wilh » sparry mil* 
ler, aud appeHra plainly from Ibe present appearance and position o( 
Ihe fibres of liic sinue. Some of these stones strike fire with a tUd, 
Uidalhvnby a strong collision, emit a train otspark«. Saiiieoflbtie 
atones hliow the grain of holly, atli, and &t. He had only one jiiocc 
of onk peiritied, easily distingubhed by its gram; it shows lite tery 
knots of the wood where young twigs were cull aud lias a bole 
luade lliioiigli it belore it was petritied. 

As tor thete ainnes being lit lor fbarpeuiiig or setting of razors, 
&C. llie black ones are rather loo bard, aod the whiln ones too lofl. 
The wbetslones or hones, vulgarly so called, which are lold fur 
Lougb-Neagh stones, are none of these, but uf a sot) Ijrilly kiitrl, 
aud found near Drngheda. 

When Ibeae stones with wood coiitinnous are taken oiil of the 
water, mud, or clay, the woody part dries, cracks, Btid foils away; 
which is llie reason why few can be well preserved; aud besides, 
every body, unwilling lo trust their eyes, will touch and scntiie ik 
wood, aud tlius destroy the most curious part of the stone. 

[PAtV. Tram. A&r. 1746.1 
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We have copied the preceding paper, uot more for Ihe c 

and unqueslionuble i'act it coDlains, than to exhibit a proof a 

infinii stale of mineralogy not longer ago than the middle of tin 
last century. The above paper is succeeded in the same excelleat 
joutual by another ou the Hine subject, furnished by the juatly »■ 
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il Dr. George Betbelej, Lord Bisliop of Cloyne, wbo in IIm 
couree of Ills ilieory to accoiinl for itie pclrilyiug |)To|ierty of tiM 
lake, givtfs us Ills opinion ihnl clones are unorgHiibeil vc^IuUm, 
rvrmed by un arcrelion of sitUn ; wliicli h« urges iu oppoailioi 
^lase of (lis own age, who conceived alunes to bt orgaiiiied veg«. 
J |>roflure(t from leeds, WhIcts imprt^ualed with rakHieoiu 
■r petrifying uiHtertuU, and productive ot all llieel&cis 
ire spoken of witb aslonisliment, are now known to be fret|ut:nt 
in most parts uf tlie wodd ; uiie of ttic most curious cxaniiilea 
point of picturesque aceiierj', ii perhaps tlieDroppin){-well at Kiia. 
barougli ; and vie have already noticed a similar properly in :icveml 
^Alier waters, especully in the lake of Soltatara in Oinipagna. 
H^ [Editor.] 
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SECTION 1:1. 
Inuadalions. 
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Wk have already observed that many of the large rivers of tbc 
east, H9 llie Nile, the Gauges, and the Indus, are subject to peri* 
cxundalioiis, and have pointed out some of the more ob- 
ratnesof such an effecl. There are other;!, however, thai 
aa):(|ect (o occasional overflows, and in many iustanccii from 
les that are nltugclher concealed. Among these we may per- 
ite (he inunilation of the Thames, about the year 
170s, at Dagenham and Havering marches in Essex, which made 
an excavation nearly tweuty feet deep, and laid open a great num. 
ber of irecf, mostly alder, buried under a soil obviously composed 
of the mud of the Thames, and which had, in all probability, been 
overthrown by some previous inuiidalion of a similar kind. 

The following, in the island of Mauritius, is to the same effect: On 
the 22d of March, i6g6, observes Mr. Wiliten, at lialf an hour after 
twelve o'clock, being calm but a lillle rainy, the river which passes by 
fhe plain ground of Noardwyek, in the spiice of a quarter of hu hour 
swelled In such a height, that the sugar>milt, the sugar.work, and al- 
most all the said ground was Tuined,the most part uf the sugar. canca 
being rooted or torn out of the ground by the violetirc of the tor- 
wnt. Il cannot be imagined what had caused so sudden a sweIlio|{ 
<tf lilts river, for the raiu was not very haril, and couUI not have 
iducvd that tffecl; for about twelve o'clock, wbeu tbe c< 
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pany* wrvauts assrnibki] fur (Uniicr, ibe water of Ilt« river wuil 
iu ordinary height, and before tliry hud half diued ail llie cwinlii| 
was flooded a foot lii;;her than Iwo year* tiiicci when ibere stu I 
honicaue and a mo<L violent storm. It ia very remarkshkt tbt 
at oat o'clock all Ibe etlraordinary water waa none, and the am 
again at its ordiuary lieigiit, Tbeie has been no earlliquake tbil 
could cause it, neither was tbeie any such thing in other rivers. 

In other instances the cause is pectiliarly clear, though Ilie vio> 
lence with which it operates, is mast ruinous and astonishiug, TIN 
following is a caitc nf tliis kind that occurred in the valley itf St. 
John's, near Keswick in Cumberland, August ^7, 1749. WetiU 
the account as published m the Phil. Trans, for 1750. and em, 
municated by John IxH:k, If^rj. F.lt.S. 

This remarkable t'dlj of water happened at nine o'clock ia Ifci 
evening, in the midst of the most terrible thunder, and iuccuut 
lightning, ever known in that part in tJie memory of the oldest nil 
living, the preceding anemoon having been e.tlrrmrly hoi ud 
sultry. And what aeems very uncommon, and diflicult to accwit 
for, the inhebitants of the vale, of good credit, affirni ihey bad 
a strange buzzing noise HIlc that of a malt-millj or the sousdaf 
wind iu the lops of trees for two hours together before the doudi 
broke. From the havock it has made in «o short a lime, fw il 
was all over in less than two hours, it must have far exceeded uj 
thunder-shower that we bavo ever seen. Most p cob ably itwgi) 
spout or large bodyof ualerj which, by ihc rarefaction of tlMBif) 
occasioued by that incesiunt lightning, broke all at oiice on the lopt 
of these inouulains, and so came down in a sheet of water oa tlie 
valley below. 

This little valley of St. John's lies east and west, enlendingabul 
three miles in length arid half a mile broad, closed iu on the sovlh 
and north sides, with prodigious high, steep, rocky mouutaiui 
those on the norili side, called Legburthet Fells, bad almost the 
whole of this cataract, It appears also that this vast spout did not 
extend above a mile in length; fur it had effect only on four small 
brooks, which came trickling down from the sides of the rockj 
Tnountains. But no person, that does not see it, can form an; 
idea of the ruinous work occasioiied by these rivulets at that tintv 
and ta the space of an liour aud hAf. At the bottoiii of Catcbee^ 



wliicb is tlie name of llie greatest, stood a mill and a kilo, 

were entirely swept away, in five minutes time, aod the 

i where tliey formerly stood, now covered with huge rocbj 

P rubbish, three or four yards deep. One of the niilLHtaiies 

t be found, being covered, as is supposed, in the bottom of 

this itcnp of rubbish. 

Jii tlie violence of the sEorm, the mountain has tumbled so fast 
down, as to chouk up the old course of this brook : and it bas 
forced its way through a sliivery rock, where it now runs in a great 
chasm, four yarils wide, and between eight and nine deep. la 
tbe course of each of these brooks, such monstrous stones, or ra- 
ther rockj, and such vast quantities of gravel and sand, are tbrowa 
on tlieir lillle meadow.fields, as render the same absolutely iMeless^ 
Bad never to be recovered. 

It would surpass all credit to give the dimensions and weight of 
toue rocks, which are not only tumbled down the steep parts of 
the inounlaias, but carried a considerable way into the fields, ie< 
Teral thrown on the banks larger Ihau a team of 10 horses could 
move. Near a place called Lobwalh, one was carried a great way, 
which was 676 inches, or near 1 9 yards about. The damage done 
to itie grounds, houses, walls, fences, highways, with a loss of tbe 
com and hay tlien on the grouod, is computed variously, by some 
at lOOOl. by others at 15001. 

Onv of these brooks, which is called Mose or Moscdale Beck, 
wbidi rises near the source of the others, but runs north from the 
other side of X^ghurthet Fells, continues still to be foul and muddy, 
having, as is supposed, worn its cliannel so deep in eome part of its 
course, us to work on some mineral substance, which gives it the 
colour of water flowing from lead mines, and is so strong as to tinge 
Ihe river Derweul, into which it empties itself, even at the sea. 
tienr :^0 miles from their meeting. 

No country is more unfortunately exposed to ruinous inunda- 
Itons than Holland, in confequencc of the flatness of the country : 
the barriers formed by ila djkes or sea.faanks against the incroach- 
nients of the tides, being occasionally, from the united action of 
pnin, wind, and sea-storms, being completely swept away, and the 
miry overflowed with the watery devastatioB, Such waa 
Klarly Ihe cas^ in the -year 1430; and again in 1686, of 
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wkM lut (bF l>»]lo«ing » tbe nccoumI cantatned in Itn J 

" Croningen, No». 26.— On Fritliy Uic ?a»l inslsnl, lid 
irhntf ds) a incnt violftil xlorm hum tfie !i. B.; InwirA « 
wiucl changpri 1o llie W. riipn to t!ic N. W, aft«rwanUtajl 
and back again to the N. W. 'tltc nmther co( 
(mtuoat m\\ night, nccotnpnniei! with ihnodn- 1 
rMnnicys and rxofs or a great mnnjr houies « 
■nncfa mare mischief wag dnne, but it was not companMt!'! 
which fuUowed ; for the dvttes not bemg able to reabt lb«- i 
of tb« sen, ablated hy ih^M lerriblc Mtmiu, flic « 
between this and the Deltiirl, being about eighteen*! 
WlR the next morning overwliehned with water, 
places were ei|;lil fool higtier than die vcrydykeSi n 
and ihon^iinils of cattle were drowned, llie water t 
Ihrongh the Halls of the town of Dilfilel, to th«t h 
inhabitants were forced to betake iheniBclvcs to lh«ir*j 
upper roomi for shelter. The whole villnge of < 
manner swept away. At Terrounderayl, tliere is I 
left, ahnve three hundred people being drowned I 
nineteen escaping. Hereskes, Weywert. Woldendorp, i 
villages near the Eems, have suffered extremely. Hie ^ 
i]U3Tler lias likewise had iU siiare in this calamity, and || 
lands have not escaped. On Sunday aud yeeierday it r« 
city ; llie tower parts whereof are now all under water. 
walls of this city we can see nothing but the lops of 1i 
steeples tbat remain abo»e water. In a word, the nttsGry S 
solation is greater than can be e^tpressed. 

" It's impossible to describe the present sad conditlao • 
province, occasioned by a most terrible inundation ll»( litn 
the :^2d instant ; the like )ia!< not been known these lnindKd^ 
The whole province, except the higher pi>rls of this city, t 
water; whole villages liave been swtrpt away, and a gw 
people, with abundance of cattle, drowned ; and Ibose tl 
escaped, sheltering themselves in garrets and upper room 
great distress for want of relief: nothing but himentatiniui 
the jangling of bells for help, is heard through the whole c 
and though all poisiblc rare is taken fo assist tbeui ( 
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and oilier places, ;tet lliere nul being boats eniuglit 1o aSotd help 
to hII, its lo be iL'iirtd many will be lual forwunt of it. Ai Oter* 
dam, near Deir^iel, but twenty. five persons bave esicaped ; in the 
village of Felcrburoe lliere are but three boiisea led standing, and 
in gvneral, all tbe houses that stood near the Aykt have been swcf>t 
»wa_v." 

Instances of ihis kind might be selected lo infinity : bnt we slwll 
confine ourselves to tbe tollauing extraurdtnary a^iiation of the 
waters of Locli Tay, given in a letter from tbe Reverend TLomas 
Fleiiiittg lo tbe Reverend John Playfair, M. A.* 

" I did not return from the excursion ou which I was when I 
had tlie [ileasure to see you al Dundee till last Tufsduy night. On 
my arrival, I found your letter respecting the pbKoomenon that 
lately happened in tliis nrigtibourhood, Althougli ill qualified to 
give you satistaction upon tliis lubjecl, T shall, however, complj 
with your desire, and give you the most accurate account of that 
plixiiumetiou which I have been able to obtain. 

On Sunday tbe I21h of September, 1 764, about nine o'clock in 
the morning, an nnusual agitation was observed in Loch Tay, near 
the village of Kenmore. That village stuuds at the east end of the 
fatke, having Ibe river, wbii-h there issues from the lake, on the north 
■ide, and a bay, about 160 yards in length and 300 yards in breadth, 
sn the south. The greater part of this bay is very shallow, being 
generally nu more than than Iwo or three feet deep ; but before it 
joins ibe body of the lake, it becomei suddenly very deep. Al the 
extremity of (his bay, Ibe water was observed to retire about five 
yards within ils ordinary boundiiry, and in font or live minutes to 
flow out again. In this manner, it ebbed and flowed successively 
three or four limes during ihe space of a quarter of an hour, when, 
all al once, the water rushed from the east and i*est, in opposite 
currents, towards a line across tbe bay, and about Ibe edge of the 
deep, rose in the form of a great wave, to the height of five feet 
above ihe ordinary level, leaving the bolioni of the ha\ dry, to the 
dbiance of between 9U and 100 yards from iis natural boundary. 
When the opfw^ite currents met, they made a clashing noise, and 
foamed : and the stronger impulse being trom the east, Ihe wave. 
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f liting 1o iu greatest liriglit, rolled westward, but slowly, ilimi-i 
nuhiirg Bi it wcul, for (lie space of five niinate!!, w lien il *i holly <lis- 
Bl^ared. As tlie wave iutnid<d, the water flowed back nilhwnie 
force, Bud exceeded il5 origiiiul boundary four or five ywAs i tlitii 
it ebbed again about ten yards, and again retiirnerl, and tontinued 
ti> ebb and (lay in tliis manner for Ibe spuce of two haun, tbt 
ebbing! succeeiling each oilier at the distance of abcrut seven bL 
nutc3,Bnd gradually lessening till the water aettled into its oidinujr 

At tlie same lime that the nndulatinn was observed in the bij 
on the south side of the village, (he river on the north was scenlo 
nin back ; the weed; at its bottom, which before pointed with llw 
stream, received a contrary direction ; and its channel was left Alj 
above twelve feet from either edge. Under the bridge, (wliid 
i* naty or seventy yards from the lake), the carrent failad, and the 
bed of the rivet appeared where there had been eighteen iiicbff 

During the whole time that this phKnornenon waa observed, ifat 
weather was calm. It could barely be perceived that the ditvctiait 
nf the clouds was front N. E. The bainnicter (as far as I can !«• 
Gollecl) stood the whole of (hat and the preceding day about Sff 
iuclie?. 

On the next, and the four succeeding days, an ebbing and Hoi** 
iug was observed nearly about the same lime, and for the ^me 
length of lime, but not at all in the same degree as on the Unt 
ddy. A similar agitation was remarked at intervals, somedi.i* 
in the morniug, other days in the nflcrnoon, till tlie 15tli of Otl»' 
bcr, since which time no such thing has been observed. 

I have not heard (although 1 have made particular rtifitdry) that 
any motion of the earth was fell in this neighbourhood, or tbat tbe 
agitationoflhe water was observed any where but about the village 
of Kenmore. 

Tlie village of Kenmore is situated nearly in the parallel of i6* 
35', and about l° west of Ihe meridian ot Edinburgh. Locb fij 
extends from hence somewhat more than 1 ^ miles W, S. \V. lit 
medium breadth is not much less than a mile, and iU de|ith Kost 
be very considerable, if one may judge from the heigltt of tlw 
sdjaceul mountains. 
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CHAP. XXXII. 

THE OCBAK, ITS PROPEftTIiES AND DIVISIONS. 

SECTION I. ? 

1. Introductory Remarks. 

JLIuRINO the progress of the eartb» under the control of the 
Almighty fiat» from a state of chaos to a state of order, the laws 
of gravity seem uniformly to have maintained their power. And 
hence the immense mass of water wliich at first lay heterogeneously 
intenniied with the other principles of things, was gradually preased 
out finom the rest, ascended to the surface, as the lightest mate* 
rial of the whole, united its particles into one common body, and 
at length entered in s^n aggregate form into those immense hollows 
which were best fitted for its reception. It is these hollows which 
conatitote the bed of the ocean, tience the natural division of the 
surAce of the globe is into sea and land ; about three-fourths of 
the whole being occupied by water> though probably no where to 
a depth comparatively very considerable ; at most not more thau 
Jthnt of a few miles on an average. The larger portions of the land 
we denominate continents; and, in like manner we call the larger 
.divisions of the ocean seas ; the distinctive character of the water 
•as compared with that of lakes and rivers, being its saltness, 
from its holding in solution a considerable quantity of muriat of 
loda, the source of which we shall presently enquire into. The 
hrger seas are themselves, however, not unfrequently dignified, 
but improperly, with the name of oceans. Thus that vast expanse 
of water which lies to the westward of the northern and southern 
continents of America, is, on account of the uniform and tempe. 
mte gales which sweep its surface within the tropics, denominated 
** the Pacific Ocean ;'* which has again been distinguished into 
the Northern and Southern Pacific, the equator being consi- 
dered as the boundary of each, and ^< the Southern Ocean,*' being 
/consequently that part of the general assemblage of waters which 
rolls in the direction from about the fortieth degree of latitude to. 
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ward the south pole. So likewise we speak of the ludian Ocean u% 
extending from the eastern shores of Africa along the sou\\iem 
coasts of Asia ; and the Atlantic Ocean as dividing Europe and 
Africa from the two American continents^ while the waters vhidi 
occupy the polar regions are called the Northern Sea. 

Among thechief of those less expansive sheets of water, OFtiMie 
properly called seas, we may mention the* Baltic, the Meditemh 
nean Sea, the Black and the Red Seas : the Caspian Sea, being ca« 
tirely encompassed by land, might properly be styled a lake, bst 
as its water possesses the quality of saltness, it is ranked among tfae 
seas; yet Lake Superior, in N<H'th America, is supposed to be if 
greater circumference than the Caspian Sea | the one being at kat 
fonrteen hundred miles around its shores, and the other not aoR 
than twelve hundred. 

Of tlie origin of this division into dtiierent seas, and seas of dit 
ferent depths, we cannot speak with certainty. It is highly prdki: 
ble that many of the larger excavations and partitions which ie 
meet with now, have existed, without much change in regard li 
their extent, from the creation : others have undoubtedly bceatk 
result of that conflict which is perpetually taking place betwcca tk 
elements of laud and water, and which has given rise for the moit 
part to islands, isthmuses and peiunsidas: while subfernneoa 
volcanos, and the indefatigable exertions of corals^ madrepoRi^ 
tubifores, and other restless and multitudinous zoophytes, hm 
laid, and arc daily laying a foundation for new islands orcosti- 
nents in the middle of the widest and deepest seas ; all whidi w3 
furnish us with an additional source of enquir}*^ and is indeed wdl 
worthy of examination. 

There is another peculiar featnre which characterises the wstoi 
of the ocean, and which ougiit by no means to be overlooked ei 
the present occasion, and that is its tides and currents, and the 
causes which fiave been assiigned for them ; which will necesstiilf 
lead us into an examination of (he temperature of the ooean atdit 
ferent depths, the influence of the heavenly bodies, and espedrif 
of the moon upon its general uias*i. 

The sections that follow under tins chapter will be found diredcJ 
to fliese subjects, and will close that important and extensive 
divisions of NATURAL HISTORY, which embraces the superfidd 
phenomena to which we have given tlie name of the globe. 

DITOB. 
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SECTION II. 

Alternate Advances and Recessions of the Sea, 

t*RoM what has been already observed of the earth and the 
bcean, there can be no doubt that they are both in a state of conti- 
mial fluctuation. The earth, the common maganne for men, 
animals and vegetables, if continually furnishing its stores to 
their support. But the maMer which is thus derived from it^ 
is toon restored and laid down again, to be prepared for fresh 
mutations. The transmigration of souls is no doubt false and 
whimsical ; but nothing can be more certaiu than the transmigra- 
tion of bodies : the spoils of the meanest reptile may go to the 
formation of a prince ; and, on the contrary, as the poet has it> 
the body of Caesar may be employed in stopping a beer-barrel. 
From this, and otlier causes, therefore, the earth is in continual 
change. Its internal fires, the deviation of its rivers^ and the falling 
'Of its mountains, are daily altering its surface ; and geography can 
1IO longer recollect the lakes and the vaUies that history once fondly 
4welt upon. 

But these changes are nothing to the instability of the ocean^ It 
would seem that • inquietude was as natural to it as fluidity. It 
is first seen with a constant aud equable motion going towards 
lh*e west ; the tides then interrupt this progression, and for a time 
drive the waters in a contrary direction ; besides these agitations, 
'the currents act their part in a smaller sphere, being generally 
greatest where the' other motions of the sea are least, namely^ 
nearest the shore : the winds also contribute their share in this uai« 
versa! fluctuation ; so that scarcely any part of the sea is wholly 
- seen to stagnate. 

Nil cnim qaicscif, undis impellitur andt* 

VA spiiitns et calor toto se corpore miiceot *• 

As this great element is thus changed, and continually labouring 

'internally, it may be readily supposed that it produces eorrespondeot 

' changes upon its shores, and those parts of the earth subject to its 

influence. In fact, it is every day making considerable alteratioof^ 

•ither by overflowing its shores in one place, or deserting them in 

others ; by covering over whole tracts of country* that were oulti- 

' — ' f ' ■■< 

« Nothing is ttUl { o*er surges wi%ci pass ; 
Aud heat and action mix through all t)ic OMisi. ^^ 

U 2 



•292 TBE OCEAN, 

vated aiifl peopled, at oiie time ; or by leaving its bed to It. 
appropriated to the purposes of vet^etatioii, and to 8ii|^y a wm 
theatre for human industry at another. 

In this strugi^le between the earth and the aea for rfcMnnioDh jli 
greatest number of our shores seem to defy the whole rage of lb 
waves, buth by their height and the roeky niateriala of which thf 
are composed. The coasts of Itily, for instance, are bofdori 
witb rocks of marble of diierent kiiKis, tlie quarries of which af 
easily be distingublied at a distance from aea, and appear like ya^ 
pendicular columiiSy of the most beautiful kinds of marble, Wfi 
along the shore. In general, the eoists of FraDce, from Brotli 
Dourdeaax, are composed of rocks; as are abo those of Spaikfli 
England, which defend the land, and only are intemipledb la* 
and there, to give an egiess to rivers, and lo allow the uw wa 
ences of bays and harbours to our shipping. It may be bg|CB(Nl 
remarked, that wherever the sea is most violent and fiiiion% tM 
the boldest shores, and of the most compact materials^ ars fmU 
to oppose it. Tliere are many shores several hundred feet petpes- 
dicular, against which the sea, when swollen with tides or itsni^ 
rises and beats with inconceivable fury. In the Orkneys, iiIrr 
the shores are thus formed, it sometimes, when agitated by t 
storm, rises two hundred feet perpendicular, and dashes ap ib 
spray, together with sand, and other substances- that compoieii 
bottom, upon land, like showers of rain. 

'' Hence, therefore, we may conceive how the violence of the ks» 
and the boldness of the shore, may be said to have made each other. 
Where the sea meets no obstacles, if spreads its waters with a gen- 
tle intumescence, till all its power is destroyed, by wanting dcptb 
to aid tlie motion. But when its progress is checked in the mkkl, 
by the prominence of rocks, or the abrupt elevation of the land, it 
gashes with aih the force of its depth against the obstacle, snd 
jbrms by its repeated violence, that abruptness of the shore wbidi 
confines its impetuosity. Whefe the sea is extremely deep^ or veij 
much vexed by tempests, it is no small obstacle that can coiifioe 
its rage* and for this reason we see the boldest shores projected 
against the deepest waters ; all less impediments having long befoie 
been surmounted and washed away. 
In places where the force of the sea is less violent, or its. tides leu 
^ rapid, the shores are generally seen to descend with a more gradual 
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dedivily Over iliese, iLe waters of the tiile sleal hy nliiiost ii 
percrptible ilpgrees, covering t lie D) for a large ciLlenl, and leavins 
lliem bare on ita recfss. Upon tlieM; shores tlic sea seldum beats 
M itii mi) great viuletice, as a large wave has doI depth suHicJeiit ta 
Boat il ofiwHrtU; so that here only. are to be seen gentle surges 
makin);! cdlroly lou'ardi laiidj and lessening as tliey approach, 
the sea, in the former descripliun, is generally seen to present 
: prospects of tumult and uproar, here i^ more usually exhibits % 
aceiie of repusi- and tniuquil beauly. Its waters, which when »ur> < 
vc)'c(l from the precipice aHurUeil a tnuddy greenish hue, ariaiog 
from their de|>lh and position to the eye, when regarded from ^ , 
■helving si lore wear the cuhmr of the sky, and aeeni rising to nieel 
il, Tlie deafening noise of the deep sea, is here converted into 
gentle lonrninrsi instead of the water's dashing against the ^ce of 
the rock, it advances and recedt-s, still i^oing forward, but with 
just force enough to push its weeds aud shells, by insensible ap^ 
proacliea, to the slinre. 

There are other iihures, beside those already described, whi 
cither have been rniscd hy art lo oppose the sea's approaches, 
from the »:a's gainitig ground, are threatened with imminent i 
strticlion. The ^ea being thus seen lo give and take away lauds 
at pleasure, is, without (jueation, one of the most extraordinaty 
cons i derations in all oaturiil history. In some places it is seen 
ubiain the superiority by slow and certain approaches ; gr to burst 
in at ouce, and overwiieliu all things in undistinguished deslruo* • 
tjun; in other places il departs frum its shores, and where 
waler? imve been known to rage it leaves fields covered with the 
niosi beautil'iil verdure. 

I'he I'ormatioD of new laiid^, by the sea's continually bringing 
its sediment lo one place, and by the accumulation of its sands in 
another, ii easily conceived. We have had many instances of thii 
ia£iil4land. The island of Oxncy, which is adjacent to Romncjr- 
inaiili, wds produced in this manner. This had for a long Inne 
been a low level, continually in danger of being overtlown by th$ 
,river Rother, hut llie sea, by its depositions, has gradually raised 
lite bottom uf the river, while it has lioUowed the mouth ; so thai 
llie one is gutticienlly secured from inuadations, and the other ii 
deep enough lo admit ships of considerable burthen. Tlie like also 
juay he seen at that bduk called the Dogger-sands, where two tides 
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meet, and wliicli thus receive new tncretse tverj dmyi so thit m 
time the place seems to iiromise fair for beiog imbitable earth. Oa 
many parts of the coasts of France, EDflaad, Hollaudt Getmanj, 
and Pniisia, the sea has been sensibly ktiown to retire* 

In Italy there is a considerable piece of ground gained at tbo 
mouth of the river Arno; and Ravenna, that once stood by tbe 
•ea-side, is now considerably removed from it. But we oeed 
scarce mention these, when we find that th^ whole republic tt 
Holland seems to be a cdnquest upon the sea, and inamsnoer 
rescued from its bosom. Tlie surface of the earth, iu this cotetij^ 
is below the level of the bed of the sea, The province of JacataSi 
a penmsola in the gulph of Mexico, was formerly a part of th 
sea: thb tract, which stretches out into the ocean an hundred 
leagnes, and which is above thirty broad, is every viliere, at s msi 
derate depth below the surface, composed of shells, which cviaes . 
that its land once formed the bed of the sea. In France, the toim 
of Aigues Mortes was a port in the thnea of St. Louis, which is oaf 
removed more than four miles from the sea. Psalmodi, ia the 
same kingdom, was an island in the year 815, but is itow aoii 
than six miles from the shore. All along the coasts of Norfolk) thm 
is good reason for belief, that in the memory of laaii tlie sea hn 
gained fifty yards in some places, and has lost as much in othen. 

Thus numerous, therefore, are the instances of new lands l»vi^ 
been produced from the sea, which, as we see^ is brought about 
two different ways : first, by the waters raising banks of sand aiMi 
mud where their sediment is deposited ; and secondly, by their re« 
linquishing the shore entirely, and leaving i^ unoccupied to the 
industry of man. 

But as the sea has been thus known to recede from aome landa^ 
so has it, by fatal experience, been found to incroacli upon othen: 
and, probably, these depredations on one i>art of liie shore, attj 
account for their dereliction from another; ^r the current irhidk 
rested upon some certain bank, having got an egress in some olktf 
place, no longer presses upon its fanner bed, hu% pours all ill 
stream into the new entrance, so that every inundation of thesd 
may be attended with some correspondent dereliction of aaotlief 
shore. 

However this may be, we h^ve numerous histories of the sea*^ 
inundations, and its burying whole provippes in Hs bo^oni* H99]f 
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countries, that have been thus destroyed, bear melanclu>1y witnesses 
to the truth of history ; and sliew tlie tojM of their iiouses, and tiie 
6pircs of their steeples, still standing at the bottom of the water. 
One of the most* considerable inundations we meet with io history^ 
is that which happened in the reign of Henry I. which overflowed 
the estates of the Earl Godwin, and forms now that bank called 
the Goodwin Sands. In the year 1546^ a similar irruption of the 
sea destroyed an hundred thousand persons in the territory of 
Dort ; aud yet a greater number round Dollart. In Friezland and 
Zealand there were more than three hundred villages overwhelm- 
ed; and their remains continue stiil visible at the. bottom of the 
water in a clear day. The Baltic sea has, by slow degrees, co« 
vcred a large part of Pomerania ; and, among others^ destroyed 
aud overwhelmed the famous port of Vineta. In the same man« 
ner, the Norwegian sea has formed several little islands from the 
main land, and still daily advances upon the continent. The 
Oerraan sea has advaaced upon tli^ shorei of Holland, near Catt ; 
BO that llie ruins of an ancient citadel of the Romans, which waS' 
fbruierly built upon this coast, are now actually under water. To 
tliese accidents several more might be added; -our own historians 
and those of other countries abound with them; almost every fiat 
ahore of any extent being able to shew something that it has lost^ 
or something that it has gained from the sea. 

There are some shores on which the sea has made temporary dc- 
pKdatioos; where it has overflowed, and after remaimng |)erha|>s 
aoiue ages, it has again retired of its own accord, or been driven 
back by the industry of man. There are many lands in Norway, 
Scotland, and tlie Maldives islands, that are at one time covered 
with water, and at another free. < Tiie country round the Isle of 
£ij, 10 the times of Bede, about a thousand years ago, was one of 
the mwt delightful spots in the whole kingdom. It was not only 
richly cultivated, aud produced all the necessaries of life, but 
grapes also that afforded excellent wine. The accounts of that 
time aie copious in the description of its verdure and fertility ; its 
rich {MUtares, covered with flowers and herbage; its beautiful 
shades 'and whoWsome air. But the sea breaking in upon the land, 
overwhelmed tlie whole country, took possession of the soil, and 
totally destroyed one of the most fertile vallies in the world. Its 
air, from being dry and healthful, from that time become most 

u 4 
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UHwholesomey 'and clogged with vaponn ; aad the small pirt of 
the couotry tliat by being higher than the rest escaped the deki^, 
was soon rendered uninhabitable from its noxious vapours. Thai 
this country continued under water for some centuilcs; till; at last, 
the sea, by the same caprice which had prompted its inwbaoas, 
began to abandon the earth in like manner. It has continntd for 
some ages to lelinqaisli its former conquests-; and althot^ tiie 
inhabitants can neither boast the longevity nor the luxuries of tbdr 
former pre.occupants» yet 1 hey find ample means of subsistence; 
and if they happen to survive the first years of their residence theif^ 
they are often known to arrive to a good old age. 

But althougli history be silent as to many other mundatkNU of 
the like kind, where the sea has overflowed tlie couutry* and after* 
ward retired, yet we liave numberless [testimoniea of anothenn- 
ture, that prove it beyond the possibility of doubt ; as for ei* 
ample» tliose numerous trees that are found buried at considenble 
depths iu places where either rivers or the sea has accidentally oter. 
flown. At the mouth of the river Ness, near Bruges, in Ffamdefi| 
at the depth of fifty feet, are found great quantities of trees \yiag 
as close to each oilier as they do in a wood : tbe trunks^ tbe 
branches, and the leaves, are in such perfect preservation, that tbe 
particular kind of each tree may instantly be known. And we have 
already adverted to similar facts in a preceding chapter. Abolt 
five hundred years ago, this very ground was known to have bees 
covered with the sea ; , nor is there any history or tradition of its 
having been dry ground, which we can have no doubt must bare 
been the case. Thus we see a country flourishing in verdure, pro. 
ducing large forests, and trees of various kinds, overwhelmed by tbe 
sea. We see this element depositing its sediment to an height o 
fifty feet ; and its waters must, therefore, have risen much higher. 
We see the same, after it has thus overwhelmed and sunk the land 
so deep beneath its slime, capriciously retiring from the same coasts, 
and leaving that habitable once more which it had . formerly de- 
stroyed. All this is wonderful ; and perhaps, instead of attempting 
to enquire after tbe cause, which has hitherto been inscrutable, it 
will best become us to rest satisfied with admiration. 

At (be city of Modena, in Italy, and about four miles round it, 
wherever the soil is dug uito, when the workmen arrive at tbe depth of 
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gmt bodj of ctrth wbicb forms its bottom. It is at tbe hottonoT 
the sea that the greatest wonders are perl^Miaed, and tlie most fafild 
ckaages are produced ; it » tliere ibat tbe motioo of tbe tides aad 
the cntietits bave tbeir full forre, and agitate tbe substanta of 
wbicb tbeir bed is composed. But aU these are almost wbolly bid 
from buman cotiosttT ; the miracles of the deep are performed ia 
aeciet; aud we bare but little infonuation from its abjsses, except 
wbat we receive bj iftspection at very shallow deptbs, or by the 
pkiramety or from divers, w bo are known to descend from twcaty 
to thirty fathoms, 

IPhU. Tram. Buffon. AbbiFortis. Nevcion. Goidwmkk 
Paifnc] 

aECTION III, 

Formaiion of Coral Isiandf. 

m * 

» 

Few things are more curious or difficult to explain Iban tbe pra* 
digious quantity of coral formed in the sea, especially in tbe tropical 
wgiOM. Coral is tbe produce of difieient species of vermes, or worai 
4iibes^ and it conusts chiefly of carbooatA of liute* Now it is difficult 
to conceive where these animals procure such prodigious quantities 
of this substance. Sea^water, iodeed| conlaius traces oLsulphatof 
liroe, but no other calcareous salt, as for as we know. Hence it 
would appear, that these creatures must either decontpose sulphate 
of time, tbougli the quantity of tliat salt contained iu sea-water 
taeansiuad^uale to supply their wants, or, they must form carbonate 
of lime from the constituents of sea-water, in a way totally above 
ow comprehension. Ik that as it may, there is oiie consequence of 
this copious formation of coral ia the tropical regions of cooskier. 
able importance to navigation, which lias been clearly pointed out 
by Mr. Dalrymple, aud is now pretty well understood. 

There -is not a part of natural histoiy, remarks thk accurate 
observer, miore curious, or (lerhaps to a navigator more ueeful, 
than an enquiry into the formation of islands. The origin of 
islands in general, is not the point to be discussed, but of low» 
^t, islands iu tbe wide ocean, such as are most of those hi* 
tfaerto discovered in the vast South-sea* Tiiese ishinds aie ge* 
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netally long aod narrow, they are fonned by a narrow bar of 
laud, iDctosnng tjie sea ivilbin it ; generally, perhaps always* with 
some channel of ingress at 'least to the tide^ commonly with an'. 
opening capable of receiving a canoe, and frequently sufficient to 
pdniit even larger vessels* ' 

The origin of these islands will explain their nature. What led 
)i|r. Dalrywple first to this deduction, was an observation of Abdul 
Koobiii» a Sooloo pilot; that all the islands^ lying off the N. £• 
coast of Borneo, had shoals to the eastward of them. These islands 
being coTcred to the westward by Borneo, the windb from that qutr* 
ter do not attack them with violence. Bui tlie N. E.wuidsy turn- 
Ming in the billows from a i\ ide oceaoi heap up the coral with which 
those seas are filled. This, obvious after stonns, is perhaps at all 
other times imperceptibly effected. The coral banks, raised in the 
rnme manner, become dry. These banks are found at all depths 
{It all distances from shore, entirely unconnected with the land, and 
detached from eacii other : though it often happens that they are 
divided by a narrow gut, without bottom. 

Coral banks also grow, by a quick progression, towards the sor* 
face; but tlie winds, heaping up the coral irom dee|)er water^ 
chiefly accelerate the formation of these into shouls and islands. 
They become gradually shallower, aud when once the sea meets 
with resistance, the coral is quickly' thrown up by the force of the 
waves breaking against the bank; and hence it is tlmt, in the open 
sea ttiere is scarcely an instance of a coral bank having so little water 
that a large ship cannot pass over, but it is also so shallow that a 
boat would ground on it, Mr. D. has seen these coral banks in all 
tite ^stages ; some in deep water, others with a few rocks appearing 
above the surface, some just formed into islands, without the least 
appearance of vegctatioiij and others, froui such as have a few 
weeds oa the highest part to those which are covered With laiga 
timber, uitb a bottomless sea at a> pistol-shot distance. 

The loose coral, rolled inward by the biilowB in lai^ge pieces, will 
gcound, and the reflux being unable to carry them away, they be^ 
come a bar to coagolate the sand, always found intermixed with 
coral; whicii sand, being easiest raised, will be lodged at top* 
When the sand bank is raised b^ violent storms, beyond the reach 
pf common leaves, it becomes a resting place to vagrant birds, 
whom the search of prey draws thither. The dung* featben^ &c. 
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increaK the soil, and prepare it for the receptioo of accideBtal roots, 
brancbes, aiid teed, cat up by the waves, or brought tbitberbj 
bhrd^. Tbim islhiids are formed : the leaves and rotten bnuicfaes 
interoilxiog M^ith tbe sand, lonii in tioie a light black moukJ, of 
which in general these islands cooswt, more sandy as lesi woody; 
and when full of large trees, with a greater proportion of moukL 
Cocoa nuts, continuing. long in the sea without losing their vegetar 
tive poviersy are commonly to be'-found in such islands; partial* 
lariy as tliey are adapted to all soils, whether sandy, ricfa^ or 
rocky. 

• Tlie violence of the waves, within the tropics, must generally be 
directed to two |X)ints, according to the monsoons. Hence the 
islands formed from coral banks, must be long and narrow, and lie 
nearly in a meridional direction. For even supposing the banks to 
be round, as tliey seldom are when large, the sea, meeting most re. 
aistance in the middle, must heave up the matter in greater quanti- 
ties there than towards tbe extremities : and, by the same rule, tbe 
ends will generally be open, or at least lowest* They will also 
commonly have soundings there^ as tbe remains of the banks, not 
accumulated, will be under water. Wh^re tbe coral banks are not 
exposed to tbe common monsoon, they will alter their direction ; 
and be either round, or extend in the paraOel, or be of irregular 
forms, according to accidental circumstances. 

The interior purts of these islands, being sea, sometimes form 
harbours capable of receiving vessels of some burthen, and Mr. D. 
believes always abound greatly with fish 3 and such as he has seen, 
with turtle-grass aud other sea-plants, particularly* one ^cies, 
called by tlie Sooloos ganimye, which grows in bttle globules, and 
is somewhat pungent as well as acid to the taste. It need not be 
repeated that the ends of those islands, only, are the places to ex* 
pect soundings : and they commonly have a shallow spit running 
out from each point. Abdul Roobin*s observation points out an. 
other circumstance, which may be useful to navigators : by cousi- 
deration of the winds to which any islands are most exposed, to 
form a probable conjecture which side has deepest water; and from 
a view which side has the shoals, an idea may be formed which wmds 
rage with most violence. 

[Thomson. Phil. Trans. Abr. Vol. JT//.] 
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To llie above we have only to add, that the comnnon fododatioa 
of all those chisters of islands which modem navigators have disco- 
vered ill the Pacific Ocean, and to which the name of Polvnesia has 
been given as well as of those which belong to Australasia or New 
South Wales, and perhaps of New South Wales itself, is evidently 
of coral structure, immense reefs of which shoot out in every di« 
rection. And it is a circumstance |)eculiarly singular, that notwitb. 
standing this prodigious quantity of lime in the form of coral, not a 
single bedy and scarcely a particle of chalk, has hitherto been met 
with either in the islands or on the continent. ^ 

There are other islands which are occasionally nlised by the vio* 
lent agency of the subterraneous volcanos. These, however, are 
comparatively but few in number, and in mass of matter bear no 
proportion to those which we have reason to believe are perpetually 
forming by the silent but persevering efforts of the sea- worms we 
are now more immediately adverting to : and as we have already 
gvren instances of such occasional disruptions from the bowels of the 
earth we need not enlarge upon them in the present place. 

lEditor.2 

SECTION IV. 

Supposed hthmus between Calais and Dover; occasional At m 
tempts to unite Sea zcith Sea ; and the Conjecture of a 
NorthmWest Passage. 

Geogbaphy has bad its fancies as well as every other science, 
and among the more prominent of these may be reckoned the by* 
pothesis and hypot iietical attempts which we have enumerated at 
the bead of this Section. 

It was once aiavourite opinion, that Great Britain and France 
had many years ago been united by an isthmus, or narrow neck of 
land, stretching across what is now the passage between Dover and 
Calais ; and that this i^thnuis had been broken down and carriec) 
away by some violent force of the circumambient sea, before the 
commencement gf any historical records. In the Philosophical 
Transactions, we have three or four pa})ers upon this risionary sub* 
je^r. Two of them were written by Dr. Wallis^ withio two ^f 
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Nor is it to be wondered at, that the navigation of WiUam 
Barents, otherwise an experiences! mariner^ was unsuccessfuU who 
•passed alon<; the coast of No?a.zenibia» 9s far as the 77th deg. of 
N. latitude, fnr it is well known, that most of those northern coasli 
are frozen np many leagues ; though m the open sea it is not so; 
no nor nnder tlie pole itself, unless by accident, as when od the 
approadi of summer, the frost breaks, and the ice which was near 
40 or 50 leagues off the shore, breaks off from the land and Boats 
np and down in the sea. These prodigious floats of ice were the 
chief obstruction to those that directed theur course somewliat more 
to the north. 

Some thirty years ago, certain merchants of Amsterdam attempted 
those seaf» with niorh better success than the former. Hiving ad« 
Tanced to the jQth or 80th deg. of northern latitude, they passed 
above a hundred leagues to the east of Nova.zembla. These beiag 
returned to their own country, with great hopes of finding enooa- 
ragement to make further discoveries, petitioned the States Gene- 
ral that they would be pleased to grant tlie navigation of the 
northern seas, and of the eastern, not yet discovered to theao.— 
But the governors of the East India Company, being sensible how 
nearly this concerned them, presenteif a counter petition^ deaiiiBg 
that the |)etilion of the said merchants might for the foture be wesm ' 
ferred to tliem and their consideration* The merchants finding 
their petitions thus crossed, they addressed themselves to the King 
of Denmark, who immediately granted their demands. Under his 
protection therefore they equip|)ed two or three ships, such as they 
judged most pro|>er for this voyage. On which the governor of the 
Dutch East India Company raised a considerable sum of Hioney, 
and easily persuaded the mariners to desist from so dangerous a 
voyage, as they represented it ; and that the merchants might have 
no just cause to complain of the said company, the mariners went 
to sea; but neglecting the directions and orders of those mer- 
chants, they steered their course directly for Spitzherg, took in 
their lading of fish, and returned home. 

Upon which the East India Company omitted nothing to find out 
a passage through the north-eastern sea^ for those who were to re* 
turn into Europe from the East Indies. Tliere was then much 
discourse of the Gulf of Ann, by which a passage was said to be 
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open info the Tartarian Sea :- ^n(\ they had some hints from the 
people of Japan and the Poituvitese, about the country of Jezzo, 
which lay above JapSJi* But not resting satisfied with the bare 
relation, in the years l652 and \()53, they sent out some skilful 
persons to discover those coasts; who passing beyond Japan, the 
SOth degree of N.- latitude, arrived on the coast of Jezzo, where 
they fell into a narrow sea, yet broad and convenient enough to 
lead into the Northern Ocean. The opposite shores they called 
hei Compagnie land^ and an island seated in the middle of the 
gulf Ihey called het Staten EyLand. Whether this land of Jezzo 
be annexed to Japan or not, the inhabitants ot both countries 
^ doubt ; because vast and inaccessible mountains interpose, which 
hinder the connnunication. Neither does it as yet. clearly ap- 
pear, whether this land of Jezzo be a part of Tartary, or whe« 
ther by an arm of the sea divided from it. The Chinese affirm, 

I 

that Tartary runs 300 China leagues eastward beyond their fa- 
mous wall : so that if we follow these, the country of Jezzo and 
Japan may seem to be annexed to Tartary ; but those of Jezzo say, 
that there runs an arm of the sea between them and Tartary: which 
opinion may seem to receive some confirmation from what those 
Hollanders affirm^ who were shipwrecked some years since on 
Corea, a peninsula of China, where they saw a whale, upc^n whose 
back stuck a harpiug-iron of Gascony. Ir is therefore most pro* 
bable, that this whale passed from Spitzbergen through the nearest 
arm of*the sea, rather than through the more remote. After the ^ 
experiments made by the governors of the East India Company, in^ 
the year l653 and l653, they resolved to proceed no further on 
the discovery ; as well because the Emperor of Japan interdicted 
the navigation of foreigners into Jezzo, in regard, as they say, of 
the vast tribute which he annually raises from the silver mines 
there ; as because they thought it may little conduce to their ad- 
vantage, to have this compendious way of navigation discovered. 
And therefore they have thought fit to prohibit all further search 
into the navigation to Jezzo, and the adjacent countries ; for which 
very reason tliey have also endeavoured to conqeai their Austral 
plantations. 

Now concerning that tract or space which lies between Spitz « 
bergen, Nova-zembia, ard the Straits c^ Jezzo, we have no reason 
to entertain any doubt ; especially as inany of the Muscovite 

VOL. III. X 
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Itineraries assare ut , that the coa^t of Tartar^ rans not northwvii 
Urofn NoTR-ceinbla, bat turns very much towards tlie east ; so thtt 
ffae head land of Nova.zembla is far the most norltieni part of alt 
Tartars. 

II reroaim now to inquire bv whar coorse, ami m what ^eavmrof 
the year, this TOtage is best to be midertakea I It is bardi j to bt 
doubted, but that the strait which lies between 9|Mtabeff tail 
NoTa.zembIa m^y be passed ; and the rourse to be directed to 78y 
79» or 80 degrees of north latitude. If any shall proceed fntkcr 
hi the same work, lie will find the passage shorter; for draaiof a 
fine from our seas through the T^th or 79th degree of latitade^ Is 
the Strait of feixo, it will be very aear a straight line : bot if ny 
would, from the same degree of hititode, having paaaed Nofi- 
xembla, choose to steer toward the coast of Tartary, andcMrt 
along bv it, till he meet with some strait, he would find his eaone 
somewhat longer, but perhaps safer and better. 

As to the. time of the year, wherein this narigation might f» 
begin; if may be in the bciginning of tlie spring,, via. in the mmlh 
of March, when it. Is confessed by most men, that the winds aaif 
seas are favourable to those that saift to Spilaberg,. and the plices 
near the pole ; and that they may run all that course from these 
parts in twelve or thirteen days: but when they hove passed sa 
fiir, if any man would design to sari to the Straits of Jeszo^ ke 
must steer his course towards the south. Bot then those motioai 
of the winds and seas, which were favourable to tl%ose who sailed 
northward, will be contrary to those who stand southward ; and 
they may long enongh expect northern gales, which seldom blow 
till towards the latter eud of summer, viz. in the mouth of August. 
If therefore any man would contrive to dispatch his voyage in the 
shortest time, it would be- safest to make choice of that time of 
the year, where he might soonest make Spitzberg and return agait» 
which might be in tlie beginning of summer : yet it would besaleff 
to set out sooner, if the wind permit. And although Hiis course 
shonld happily succeed, it follows not that I should advise themt» 
observe the same in their return homeward ; for things of that ot* 
ture must be left to the prudence and conduct of discreet pilots awl 
mariners, who ought to shun all near approach to the coasts and 
islands which they shall encounter, for fear of the ice ; and that 
Ihey always make choice of the most open seas, which are least 
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iiitefted willi it, aiid in whicli llie coida nre mnre moderate. For 

rCX|>ertenre Iihs siifflcienlly IhuuIiI, that wliol^ far^e sens nre never 

mu In he frnrpii, but only llie aea cnasis, frnm'ihe pknry of 

esh watrra llial run into llie ocean, nnil the siiows melted in h. 

i tlie same experience has taught, that there is not that danger 

□ the flnating tee, as i^ vnli^arly apprehended, especial)) in ua^ 

: sDbJect to violent stornis. and in tlie 6th or rattier the 8lh 

Htnlh of the year. 

I^WIicn the nature of this sea, nnd of its several slrmits shall be 

t perfectly discovered, it is not lo be di>ul)ted hut that ihe 

tele voyage to Japan niay be formed lo live or sjii weeks at the 

mr. But in case it should happen, that the ships slioidd be forced 

I winter there, this might be done v^ithout much danger; pro- 

t<h;d they avoided the unadvised example of the Dutch, who 

iwiug necessitated lo pa^s the winter in the most norlliern climates, 

planted themselves there upon the highest lands, in huts franied of 

(bill boards ; whereas they ought to sink their houses under ground, 

1 to heap much earth over them ; shice it is scarcely possible for 

I to subsist in such an excessive severity nf winter, unless they 

■ themselves deep under the earth. — Phil. TVonf. Jbr, 

f. II. 1677. 

We have only to add, that all hopes of a north-west passage 
e fteeii completely disappointed from the re^iearches of 
fcrn navigators •- Editor. 



SECTION V. 

Sattneis, and other Chemical Propertiet of the Ocean. 
Thb ocean is the great reservoir of water into which the lakes 
and rivers empty tiieniselves, and from which is again drawn by 
evuporalion that moisture which, falling in showers of.rain, ferii* 
liies the earth, and supplies the waste of the springs and waters. 
Thb constant circulation would naturally dispose one to believe, a 
priori, that the waters of the ocean do not difter much from (h« 
waters of nvers and lakes: but nothing would be more erroneous 
Ihan such a conclusion; for the sea wale r> as every one knows, 
diHers materially from common water in its Inste, specific ^vily, 
and other properties. It contains ft much greater proportion of 
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saline matter, particularly of common salt, which if asually et^ 
tracted from it. ludeed, if the sea were not impregnaled with 
these saline bodies, the putrefaction of the imnieose mass of animal 
and vegetable matter which it contains would in a short time prove 
fatal to the whole inhabitants of the earth. 

The absolute quantity of sea water cannot be asoertarinedy as its 
mean depth is unknown, Mr. De la Place has denionstrated* that 
a depth of four leagues b necessary to reconcile the heii^ht to which 
the tides are known to rise in the main ocean with the Njcwtooiaji 
theory of the tides *. If we suppose this to be the mean depth, 
the quantity of water in the ocean must be immense. Even on the 
supposition that its mean depth is not gre.iter than the fourth pait 
of a mile, its solid contents (allowing its surfoce to be tliree-foorthi 
of that of the superficies of the earth) would be 3^2,058)9391 
cubic miles. 

Sea water has a very disagreeable bitter taste, at least wbea 
taken from the surftce or near the shore ; but whdn brongbt op 
from great depths, its taste is only saline t» Hence we learn that 
this bitterness is owing to the animal and vegetable substances with 
which it is mixed near the surface. Its specific gravity varies iroB| 
1*0260 to 1*0285 1. It does not freeze till cooled duwa to S5*a^§ 
of Fahrenheit's scale. 

It has been ascertained by the experiments of diflferent che> 
mists [|, and especially by those of Bergman, that sea water holds^ 
in solution muriate of soda^ muriate of magnesia, sulphate of 
magnesia^ and sulphate of lime; besides the animal and vegetable 
bodies with which it is occasionally contaminated. The average 
quantity of saline ingredients is l-28th. Bergman foirad water 
taken up from the depth of 60 fathoms, near the Canaries, by Dr. 
Sparrman, to contain 1.24th. Lord Mulgrave found- the water 
at the ba^k of Yi;rniouth sands to contain about I*32th part 
Bergman found water taken up from a di^th of sixty fathoms to 
conttiin only the following salts in the folio *ving proportions. 
■"-■--■- 1^— ~- 

• 3/cm. Parr. 1776, p. 2ia 

t Bergman, i. 180. 

I Bladb. Kirwan's Chological Essays, p. 355. 

S Nairnc, Phih Trans. 172,6, Part First. 

\ Monnet^ Lavoisier, Bamu^, &c. h^vc published analyses afse* water. 
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30*91 1 commoD salt. 
6*222 muriate of magnesia. 
1 000 sulphate of lime. 
Mr. Lavoisier found 10,000 parts of sea water taken up on llie 
west of Dieppe to contain the following suits : 

1375 muriate of soda. 
256 muriate of lime and magnesia. 
156 muriate of magnesia, 
87 lime. 
81 salphate of soda and magne«iia« 



19o8 
«r.alniott 1.5th of saline contents*; but this proportion is un- 
cioubtedly excessive* My analysis gives 1.30th of saline contents 
in the water of the Frith of Forth. The salts which I found were 
the same as those announced by Bergman, sulphate of magnesia 
«xcepted, which exists in all the specimens of sea water that 1 have 
examined ; and tlie proportion of it is considerable. 

As far as experiment has gone, the proportion of saline contents 
does not difier much, whatever be the latitude in which the water 
of the oceen is examined. Lord Mulgrave, in north latitude 86% 
«nd 60 fathoms under ice, fouud the saline contents of sea water 
0-0354 ; in latitude 74"^, be Cdund them 0*036 ; in latitude 6cf, 
0*034. Pages found sea water taken up io north latitude 45^ and 
39° to contain Q*04 of saline contents ; and Baum6 obtained by 
nnalysUy firora water taken up by Pages in north latitude 34^ and 
14°, exactly the same proportions of saline matter. In southern 
latitudes Pages fouud the following proportions of saline matters : 
. Latitude. Saline Matter. 

49° 50^. 0-O416* 

46 O 0*046 

40 30 0*04 

25 54 . . ; 0-04 

20 0*039 

1 l6 0-035 

From tbe experiments made by Bladh on the specific gravity of 
sea water in different latitudes^ it appears tliat tbe water couimm 
more salt at the tropica than towards the equator. 



• Mem, Pttr* 1712, u qiioted b> KirwM, 
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If we were acquainted with the proportion between tbe saline con* 
tents of sea walei and it^ specific ifravity, it would be easy in all 
cases to ascertain tiie quantity of saline matter merely by taking the 
specific gravity of tbe water we wish to examine. Thitf would re. 
quire a set ol experiments on purpose ; dissolving in ptire water 
diflereut quantities of the salts contained in sea water in tbe propor- 
tions which they bear to eacb other, and ascertaining the specifie 
gravity of every such solution. Dr. Watson has given us a Table 
for ascertaining that point, as for as common salt is concerned; and 
as the salt which be nsed was not |>erfe€tly pnre, but contained a 
mixture of the different salts usually found in tbe sca> we may eoiK 
sider it as very nearly determining the proportion of saline contents 
in sta water as far as it goes. This Table therefore I shall toe 
insert •• 



Pioportioo of 


Mperiflc 


Propoi lion or 


j^|)cciflc 


Proportioo of 


Specific 


Salt 


Gravity. 


Salt. 


Grairliy. 


Salt. 


Gravity. 

1 





1-000 


1.2l8t 


1-032 


1. 84th 


1-007 


l.half 


1-206 


1.24th 


1-029 


1.108th 


1006 


1.4th 


M60 


l-27th 


1-027 


1.126th 


1-005 


l-6th 


1'121 


1.28th 


1-026 


1.144th 


1-004 


K6th 


1-107 


1.30th 


1-024 


1. J 62nd 


1*003 


1.7th 


1-096 


1.32nd 


1-023 


U 192nd 


1 -0029 


1.8th 


1-087 


1.36th 


102(/ 


1. 256th 


1-0023 


1.9th 


1-074 


1.39th 


1-019 


I. 320th 


10018 


1.12th 


1-059 


l-42nd 


1-015 


1.448th 


1-0017 


M4th 


1-060 


1.48th 


1014 


U512th 


1-0014 


M5th 


1-048 


1 64th 


1013 


I. 848 th 


1-0008 


l.ltith 


1-045 


1.56th 


1-012 


l-1024th 


1 0006 


l.lSth 


1040 


'1.72nd 


1-009 


" 





This Table was calculated at a temperature between 46° and 
55*^; but Mr. Kirwan has reduced part of it to the temperature of 
62°, in order to compare it with the specific gravities of sea-water 
taken at that temperature, or at least reduced to it. Tbe specific 
gravities, thus altered by Kiruan, are as follows : 

PropordoD of Salt, Specific Gravity at 62**. 

1.24th 1*0283 

1.25th 1-0276 

l-26th 1-0270 

1.27th 1-0267 

1.28th '. 1 •0«50 



* VfAiaon's Chemical Essays, p. 91. 
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1.30th 1-09M 

!.3»tb 1-018S 

1.44(h .., 1-013S 

USth I-OIO* 

l-lOSth I 004 

I.162Bd. I'OOM 

table will enable uf lo a<-cerlain tbe salioe coiiteiils of rcs. 

<lTtfrrcDt fNiris -of ihe'AtlaDtK: tmd lodiia Oceau«, (roin 

iwiii" Table of llie specitic gravity of sei-water In difiereat 
>f lfa<-Be ocrans coiiolructed b; Bladh, and reduced by 

to ibe leiii|wraiurc of 62^*. 



V,..TDl.t 


LoNKiriinE'. 


S|,. Gr. ,.. G^=. 


North. 


E«SL 




59" 3«' 


6^ 48' 


1-0272 


57 18 


18 48 
West. 


1-0269 


67 01 


1 22 


1-0^72 


34 00 


4 45 


1-U2;i 


44 32 


2 04 

East. 


1-0276 


44 07 


1 00 


1-0276 


40 41 


30 


1-0276 


34 40 


1 IS 


1 -1)280 


29 SO 


00 
Weit. 


1-0281 


24 00 


2 32 


1-0284 


IS 28 


3 24 


i02Hl 


16 36 


3 37 


1-0277 


14 56 


3 48 


10275 


10 30 


3 49 


■1-0272 


S 50 


3 28 


1-0274 


2 20 


3 20 


1-0271 


1 25- 


3 30 


1-0273 


South. 






IR 


3 40 


1-0277 


5 10 


6 00 


1-0277 


10 00 


6 05 


1 0^85 


14 40 


7 00 


1-0284 


SO 06 


6 30 


l-02t5 


25 45 


2 22 
E»st, 


10281 


30 25 


7 12 


1 O970 


37 37 


68 13 


10276 



■ Kinran'aG(ab£nivi, II.3S0. f The Lone, 1« ceoBled fr*m TfsnMTr, 
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From this Table, compared with the last, we learn that the ocean 
contains most salt between south latitude lO-* and Zif^; Hie saline 
contents amounting to rather more ilum 1.24th. The quantity of 
salt between north latitude 18"" and 34° is rather less than I 24tli: 
at the equator it is nearly l.*25th. Tlie proportion of salt is least 
of all in north latitude 57% where it amounts to little more tbao 
l-27th. 

From the experiments of Wiiclcpy we leani that the Baltic con- 
tains much less salt than the ocean ; that the proportion of its salt 
is increased by a west wind, and still more by a north west wjud. 
Tlie specitic gravity oFthe Baltic water, ascertained by this pbilo* 
soplier under these different circumstances, and reduced by Mr. 
Kir wan to the temperature of 62?, is exhibited in the followiog 
Table : 

Specific Gravity. 

1-0030 Wind at E. * '' 

1.0067 Ditto at W. 
1-0118 Storm at W. 
l-OOysWindatN.W. 

From this Table it appears that the proportion of salt ia the 
Baltic, when an east wind prevails, is oAly 1- 106th ; and thatth'is 
proportion is doubled by a westerly ^torm : a proof not only that 
the saltness of the Baltic is derived from the neighbouring ocean, 
but that storms have a much greater effect upon the waters of the 
ocean than has been supposed *. The Euxine and Caspian Seas, if 
we believe Tournefort, are less salt than the ocean t; but it is 
probable that the Mediterranean is at least as salt as the Atlantic. 

We have already observed, thai the water of the Dead Sea differs 
exceedingly from sea-water^ and have given the result of an analysb 
in proof of such observation. This water is hi truth rather to be 
regarded as of the nature of a mineral water, and we have described 
it accordingly, 

Fr«»ni the whole now offered it does not appear that the saline 
contents of the ocean differ very eiisentially in difterent parts of it, 
though the lakes and inland seas may evince some degree of dis- 
parity. 



* Kirwan*s (reoligivat Essaifs, p. S56» 
t Tournefort's Foyagesy ii, 4|0, 
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It wasj liovi ever, an opinion of Dr. Halley, that however uniform 
the :»aitness of the ocean ina^ be in different parts of it at a given 
period of tiine> its general mass has been progressively becoming 
more impregnated with saline materials, and hence actually Salter 
to the taste^ ever since the formation of the world ; and he endea- 
vours to ground a proof of the age of the world upon this circum- 
stance. His psiper, which is siiort and ingenious^ is as follows. 

" Tliere have been many attempts made, and proposals offered, to 
ascertain from ttie appearances of nature, wliat may have been the 
antiquity of this globe of earth ; on wliich, by the evidence of sa« 
cred writy mankind has dwelt about 6000 years ; or according to 
Ibe Septuagiut above 7000. But as we are there told that the for. 
mation of man was the last act of the Creator, it is no where re« 
vealed in Scripture how long the earth had existed before this last 
creation, nor how long those five days that preceded it may be to 
be accounted ; since we are elsewhere told, that in respect of the 
Almighty a thousand years is as one day, being equally no part of 
eternity ; nor can it well be conceived how those days should be to 
be understood of natural days, since t::ey are mentioned as mea- 
sures of time before the creation of the sun, which was not till the 
fourth day. And it is certain that Adam touud the «arth, at his 
first production, fully replenished with all sorts of other animals. 
This inquiry seeming to me well to deserve consideration, and wor- 
thy the thoughts of the Royal Society, I shall take leave to propose 
an expedient for determining the age of the world by a medium, »s 
I take it, wholly new, and which, in' my opinion, seems to promise 
success, though the event cannot be judged of till after a long pe- 
riod of time; submitting the same to their better judgments What 
suggested this notion was an observation I bad made, that all the 
lakes in the world, properly so called, are found to be salt, some 
more some less than the ocean, which in the present case nlay also be 
esteemed a lake ; since by that term I mean such standing waters as 
pei-petuaily receive rivers running into them, and have no exit or 
evacuation. 

*' The npmber of these lakes, in the known parts of the world, is 
exceedingly small, and indeed on mquiry t cannot be certain there 
are in all any more than four or five, viz. 1st. The Caspian Sea; 
2dly, The Mare Mortuum, or Lacus Asphaltites ; 3dly, The lake 
^ OD which stands the city of Mexico ; and 4thly, The lake of Titi- 
caca in Peru> which by a channel of abqut fifty leagues communi- 
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cates with s fiAh and smaller, called the lake of Paria, neithfr of 
which have any other exit. Of these, the Caspian, whieb is hy 
much the greatest, is reported to be somewhat less salt than the 
ocean. The Lacus Asphaltites b so exceedini^ly salt, that ita waters 
s^in fully sated, or scarcely capable to dissolve any more ; whence 
in suuinusr-tinie its banks are iucrustated with great quantities of 
dry salt, of somewhat a more pungent nature than the marine, ai 
having a relish of sal ammoniac ; as I was informed by a curiom 
gentleman who was on the place. 

" The lake of Mexico, properly speaking,' is two lakes, divided by 
the causeways that lead to the city, which is built in islands in the 
midst of the lake, undoubtedly for its security ; afler the idea, pm« 
babiy, which its first founders borrowed from their beavers, who 
build their houses on dams they make in the rivers after tliat man* 
ner. Now that part of the lake which is to the northward of the 
town and cause wa\s, receives a river of a considerable magnitude, 
which being soinevihat higher than the other, does with a small faU 
exonerate itself in the southern part, which is. lower.* Of these the 
lower is found to be salt^ but to what degree I cannot yet learo» 
though the upper be. almost fresh. 

** And the lake of Titicaca, being nearly eighty leagues in circimi. 
ference, and receiving several considerable fresh rivers, has its waten, 
by the testimony of H^rrera and Acosta, so brackish* as not to be 
potable, though not fully so salt as that of the ocean; and the like 
they afiirm of that of Paria, into which the lake of Titicaca does in 
part exonerate itself, and which I doubt not will be found much 
Salter than it, if it were inquired into. 

** Now I conceive that as all these lakes receive rivers,and have no 
exit or discharge, so it will be necessary that their waters rise and 
cover the land, until such time as their surfaces are sufficiently ex« 
tended, so as to exhale in vapour that water which is poured in by 
the rivers ; and consequently that lakes must be larger or smaller, 
according to the quantity of the fresh they receive. But the va- 
pours thus exhaled are perfectly fresh ; so that the saline particles 
brought in by the rivers remain behind, while the fresh evaporates; 
and hence it is evident that the salt in the lakes will be continually 
augmented, and the water grow Salter and Salter. But in lakes that 
have an exit, as the lake of Genesaret, otherwise called that of Ti- 
berias, and the upper lake of Mexico, and indeed in most others, 
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the water being continually running 9^, is supplied by new fresh river 
water, in which the saline parlicies are so few as by no means to be 
perceived." 

'' Now if this be the true reason of the saitness of these lakes, it is 
not improbable but that the ocean itself is become salt from the 
same cause, and we are tliereby furnished with an argument for es. 
timating the duration of all things, from an observaiion of the in« 
erement of saitness in their waters. For if it be observed what 
qoantity of salt is at present contained in a certain weight of the 
water, of the Caspian Sea, for example, taken at a certain place, in 
the driest weather : and after some centuries of years the same weight 
of water, taken in the same place, and under the same circum- 
stances, be found to contain a sensibly greater quantity of salt than 
at the time of the first experiment, we may by the rule of propor- 
tion, make an estimate of the whole time wherein ttie water would 
acquire its present degree of saitness. 

" And this argonient would be the more conclusive, if by a like ex. 
perinent a similar increase in tlie saitness of the ocean should be 
observed : for that, alter the same manner as aforesaid, receives in. 
numerable rivers, all which deposit their saline particles therein ; and 
■re afain aui^ied, as I have elsewhere showed, by the vapours of 
the f>cean, which rise from it in atoms of pure water, without the 
least admixture of salt. But the rivers in their long passage over 
the earth imbibe some of its saline particles, though in so small a 
quantity as not to be ))erceived, unless in these their depositories 
after a long tract of time. And if, on repeating the experiment, 
after another equal number of ages, it sliall be found that the salt, 
ness is further increased with the same increment as before, than 
what is BOW proposed as hypothetical, would appear little less than 
demonstrative. But since this argument can be of no use to ourselves, 
it requiring very great intervals of time to come to our conclusion, 
it were to be wished that the ancient Greek and Latin authors had 
delivered down to os the degnt of the saitness of the sea, as it was 
about two thoosand years ago: for then it 'cannot be doubled but 
that the diflferrnce between what is now foond and what then wa%, 
would beeome Tery sensible. I fecommeod it therefore to the So. 
delv, as opportunity shall offrr, to procure the experiments to be 
made of the present degree of saitness of the ocean, and of a% mamy 
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of tiiesf lakes as can be come at, thai they maj stand opoD record 
for Ihe beiKfit of future ages. 

<* if it be objected that the water of the ocean, and perhaps of loni 
jof these lakes, might at the fir^t beguiniiig of Ihiuga, in some mea- 
sure contain salt, so as to disturb the proportionality of the mcreass 
of &altue8s in them, 1 wiiL not dispute it : but shall observe that such 
a supposition would by so much contract the age of the woddy 
within tlie date to be derived from tlie foregoing argument, wbkk 
u chiefly intended to refute the ancient notion, aoine have of late 
entertained, of the eternity of all things ; though perhaps by it tk 
world may be found much older than many liave hitherto itep 
gined." 

It must be admitted,, observes Dr. Thomson upon the above bj^ 
|)othesis, that this is an ii.genious and plausible bpeculation ; but it 
will not bear a rigid examination. We have no evidence whatefcr, 
that the sea was not salt at its original formation. Indeed there ii 
presumption in favour of tha't opinion ; becau-e many of -the atii. 
mals which it contains cannot live hi fresh water. Hence we most 
either admit that the sea remained for many ages uninhabited, of 
tliat it was salt at its first formation. But, granting that the sea 
was originally fresh, it would not follow that it became salt by eva- 
poration, unless we were certain that the vapour which rises from 
the sea is absolutely destitute of salt. But we have evidence that 
this b not the case. Margraaft* found salt in rain water, which most 
have been originally raised by evaporation, either from the sea or 
the land ; and, if we suppose tiie latter, the supposition makes more 
strongly for the reality of the vapour from sea-water containing 
some salt. But even if this point were given up, still there is an- 
other consideration which would make it difficult or impossible to 
deduce any conclusions from the rate at which the saltness of the 
Bea increases. It is true that salt is mixed, to a certain amount, 
with almost every mineral in nature, as follows from the galvanic 
experiments of Mr. Davy. But the proportion of it is very various 
in different places. Sometimes, as in Cheshire and in Poland, we 
find it deposited in prodigious quanthies, so as to form beds of 
enormous thickness. In other cases it is loosely scattered, but in 
very inconsiderable quantities, in rocks and the soil. While in other 
cases it is so intimately mixed, that it cannot he separated by any 
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Other method, with which we are acquainted, than the galvanic 
energy* Water flowing through minerals of such different najlures 
must dissolve very diOerent proportions of salt. In heds of the first 
kind, it way, in certain circumstances, hecome saturated with salt^ 
and v^ill always dissolve so much as to he entitled to tlie name of a 
salt springi In heds of the second kind, it will dissolve only a very 
minute quantity of salt ; and, in Uiose of the third kind, if any such 
exist of any considerahle extent, it will dissolve none at all. Hence 
waters, when they began to flow into the sea and into lukesj would 
contain very diflerent proportions of salt, according to the nature of 
the country through which they flowed ; and hence different lakes, 
and diflerent parts of the sea, would possess diflerent degrees of 
saltness, and would increase in saltneas at very diflerent rates. Fi- 
nallyj thb increase of saltness of tiie sea, if it takes place at all, must 
do so with uicouceivabie slowness ; for the specific gravity of sea- 
water has never been observed to increase since the first time that it 
ever was taken, which is more than a century ago. 

iThomson. Phil. Trans. 1715.] 

SECTION VT. 

On the Tides. 

I, Explanation of the received or Newtonian System, 

Tub height of the surface of the sea at any given place is observ. 
ed to be liable to periodical variations, which are found to depend 
on the relative position of the moon, combined in some measure 
with that of the. sun. These variations are railed tides ; they were 
too obvious to escape the observation even of the ancients, who in- 
habited countries where they are leait conspicuous : for Aristotle 
mentions the tides of the northern seas, and remarks that they vary 
with the moon, and are less conspicuous in small seas than in the 
ocean : Cassar, Strabo, Pliny, Seneca, and Macrobius give also 
tolerably accurate accounts of them. 

There are in the tides three orders of phenomena which are se- 
parately distinguishable: tlic first kind occurs twice a day, the 
second twice a mouth, and the third twice a year. Every day, 
about the time of the moon's passing over the meridian, or a certain 
number of hours later, the sea becomes elevated above its mean 
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hckiht, and at this time tt is said to l>e high water. The defttioii 
subsides bv dtf^ree^. and io ab<'Ut six hours it is low water, the m 
having attained t**- ev'Htest depression; aAer thn it rises a|^ 
wlien the nir»op f>a8ses the ineridiau below the horisoM» ao that fk 
ebb and fl<»or) occur twice a day, but become daily later aad kitf 
by about 50^ minutes, which is the excess of a lonar d«y aboiea 
tolar one^ siitce 28| lunar days are aearly equal to 39^ sohr 
ones. 

The second phenomenon is, that the tides are aensibly incroMd 
at the time of the new and full moon: this increase and dimiairfioo 
constitute the spring and neap tides ; the augmentation becoaies 
also still more observable when the moon is in its perigee, or neaicit 
the earth. The lowest as well as the -highest water is at the tiBK 
of the spring tides ; thie tieap tides neither rise so high nor ftO to 
low. 

The third plienomenon of the tides is the augmentation wliicii 
occurs at the time of the equinoxes: so that the gr^test tides are 
when a new chr full moon happens near the equiuox, while the mooo 
is in its perigee. The effects of these tides are often still more in- 
creased by the equinoctial winds, which are sometimes so powerful 
as to produce a greater tide before or after the equinox, than that 
which happens in the usual course, at the time of the equinox 
itself. 

These simple facts are amply sufficient to establish the depend- 
ence of the tides on the moon : they were first correctly explained 
by Newton as the necessary consequences of the laws of gravitation, 
but the theory has been stiU further improved by the labours of 
later mathematicians. The whole of the investigations has been 
considered as the most diflicuit of all astronomical problems; sobk 
of the circiinistanees depend on causes which must probably remain 
for ever upknoun to us ; and uhlens we could every where measure 
the depth of the se«), it would be impossible to apply a theory, even 
if absolutely perfect, to the solution of every difficulty that migfat 
occur. A very injudicious attempt has been made to refer the 
phenomena of tlie tides to causes totally different from these, and 
dejH'nding on the aunual melting of the polar ice : the respectability 
of \u author is the only claim which it possesses even to be men- 
tioned . and a serious confutation of so groundless an opinion vrouM 
be perffcctiy superfluous. 



A detacRed portion of a fluid would natunillj assume, by its 
niatual gravitatiou, a spherical form, but if it gratilate towards 
another body at a distance, it will beeqme an oblong spheriod of 
which the axis will point to the attracting body : for the difl^rence 
of the attraction of this body on its different parts will tend to se« 
paratethem from each other in the greatest part of the sphere, that 
is, at all places within tlie angular distance of 79^^^ from the line pass« 
ing through the attracting body, either in the nearer or in the remote^ 
Uemrispbere ; but to urge them towards the centre, although with a 
^ fmaller Ibrce in the remaining part. Hence, in order that there 
amy be an equilibrium, the depth of the fluid must be greatest whero 
its graritation, thus composed, is least ; that is, in the line directed 
towards the attracting body, and it may be shown that it must as* 
sume the form of an oblong elliptic spheroid. 

If the earth were wholly fluid, and the same part of its fturface 
were always turned towards the moon, the pole ot* the spheroid 
being immediately under the moon, the lunar tide would remain 
stationary, the greatest elevation being at the points nearest to the 
moon and furthest from her, and the greate^it deptession in the 
circle equally distant frouKthese points; the elevation being, how- 
ever, on account of the smaller surface to which it is confined twice 
as great as the depression. The actual height of thi selevatioii 
would probably be about forty inches, and the depression twenty, 
making together a tide of Ave feet. If also the waters were capa* 
ble of assumiDg instantly such a form as the equilibrium would re^ 
quire, the summit of a spheroid equally elevated would still be 
directed towards the moon, notwithstanding the earth's rotation. 
This ma;^ be called the primitive tide of the ocean : but on account 
of tbe' perpetual change of place which is required for the accom* 
modatimi of the surface to a similar position with res|)ect to the 
moon, as the earth revolves, the form must be materially difl'erent 
from that of such a spheroid of equilibrium. The force employed 
In (mMlucing this accommodation may be estimated by considering 
the actual surfiice of the sea as that of a wave moving on the sphe* 
Md of equilibrium, and producing in the water a sufficient velocity 
to preserve the actual form. We may deduce, from this moile of 
considering the subject, a theory of the tides which appears to be 
more simple and satisfactory than any which has yet been publish^ 
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ed : and by comparing the tides of narrower seas and lakes with 
the nifilions of pendulums siis|)ended on vibrating centres, we ma; 
extend the theory to all possible cases. 

If the centre of a pendulum be made to vibrate, the vibrations 
of the pendulum itself, when they have arrived at a state of per- 
manence, will be performed in the same time with those of the 
centre ; but the motion of the pendulum will be either in the same 
direction with that of the centre, or in a contrary direction, accord- 
ingly as the time of this forced vibration is longer or aliorter than 
that of the natural vibration of the pendulum ; and iu the sum 
manner it may be shown that the tides either of an open ocean or 
of a confiued lake may be either direct or inverted with reelect to 
the primitive ti<le, which would be produced if the waters alw8]fs 
assumed the form of the spheroid of equilibrium, according to the 
depth of the ocean, and to the breadth as well as the depth of tfae 
lake. In the case of a direct tide, the time of the passage of tfae 
luminary* over the meridian must coinckie with that of hi^ 
water, and in the case of an inverted tide with that of low 
water. 

In order that the limar tides of an open ocean may be direct, 
or synchronous, its depth must be greater than thirteen miles, and 
for the solar tides than fourteen. The less the depth exceeded 
these Unfits, tlie greater the tides would be, and in all cases they 
would be greater than the primitive tides. But in fact the height 
of the tides in the open ocean is always far short of that which 
would be produced in this manner ; it is therefore improbable that 
the tides are ever direct in the open ocean, and that the depth of 
the sea is so great as thirteen miles. 

In order that the height of the inverted or remote lunar tides 
may be iive feet, or equal to that of the primitive tides, the depth 
of the o|)en sea must be 6^ miles ; and if the height is only two 
feet, uhicli is perhaps not far from the truth, the depth must be 
three miles and five-sevenths. 

The tides of a lake or narrow sea differ materially from those of 
the open ocean, since the height of the water scarcely ilndeigoes 
any vai iatiou in the middle of the lake ; it must always be high 
water at the eastern extremity when it is low water at the western: 
and this must happen at the time when the places of high and low 
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warer, willi respect (o the primitive tides, are equally distant from 
the middle of ttie lake. 

The lilies may be direct in a lake one hundred f&thomj deep and 
les3 than eight degrees wide : but if it be much wider, they must 
be inverted. Suppo^^iog tlie depth a mile, they will be direct wfaea 
the breadth is less ihan 25* ; but if a sea, like the Atlantic, were 
iifty or sixty degrees wiilo, it must be at least four miles deep, in 
order that the ,tinie of high water might coincide with that of the 
nioon'i soDthicig. 

tlitherto we have cousiiiered (he motion of the water as free from 
dl resistance; but where the titles are direct, they 'miut be retard, 
ed' by the effect uf a resislaiici.' of any kind ; and where they are 
inverted, they must be accelerated; a small resistauce producing, 
in both cases, a cousidcrable dilterence in the time of hjgli 

Where a considerable tide is observed in the middle of a limited 
portion of the sea, it must be derived from the effect of the eleva* 
lion or depression of the ocean in its neighbourhood ; and such de> 
rivalive tides are probably combined in almost all. cases with the 
oicillalions belonging to each particular branch of the sea. Mr. 
Laplace supposes that the tides, which are observed in the most 
exposed Euto|>ean harbours, are produced almost entirely by the 
traDsniisiion of the ellect of the main ocean, in about a day and a 
half; but this opinion does not appear to be jusliBed by observa. 
lion; for the interval betne^n the times of the high water belong* 
ing to the same tide, in any two places between Brest and the Cape 
uf Good Hope, has not been observed to exceed about twelve 
hours at must : not can we trace a greater diSerence by comparing 
the stale of the tides al the more exposed situation of St. Helena^ 
the Cape Verd Islands, the Canaries, the Madeiras, and the Azores, 
which constitute such a succession as might be expected to have 
indicated the progress of the principal tide, if it had been such as 
Mf> Laplace supposes. The only part of the ocean, which we cau 
ctinstder as completely open, lies to the south pf the two great 
continents, chiefly betwt-en the latitudes 30° and 70° south, and lh« 
original tide, which happens in this widely cxteuded ocean, whera 
it* depth is st^cicnlly uniform, must take place, according to the 
theory which has been advanced, at some time before the listh 
VOL. Ill, r 
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iHoar hour. It seodk a wave into the Atlantic^ ivliich » peihpy 
Iwelvt or thirteen hours in iU |>assage to the coast of France, but 
certainly not more* This tidt» wkicli would happen at the sixth 
lunar hour after the moon*"! trtnsit, if there were no'reiUKtaacr, is 
proiMibiy so checked by the resistance, that tlie water begins to> 
subside a bo u t the fourth^ and in some seas even somewhat earliov 
although in otliers it may follow move nearly its aataral courM. 
There is scarcely a single instMice which fiivours the auppo«tioa 
of the time of high water in the open sea being within an hour of 
the moon's southing, as it must be if the depth were very great: 
so that neither the height of the tides- nor the time of high water 
will allow us to suppose the sea any where quite so* deep as four 
miles* 

The tide entering the Atlantic appears to advance northwards at 
Ihe rate of about five hundred miles an hour, corresponding to a 
dlpptb- of about three miles, so as to reach Sierra Leone at the 
eight hour after the moon*s southing; this part of Africa being nsl 
irery remote from the meridian of the middle of the south Atlfuitir 
ocean, and having little share in the primitive tides of that ooesB*. 

The southern tide seems then to pass by Cape Blanco and Cape 
Xcgador, to arrive at Gibraltar at the thirteentb hour, and to nnite 
its effects with tliose of other tides at various parts of |be coast ef 
Europe* 

We may therefore consider the Atlantic as a detached sea about 
3500 miles broad and three miles deep ; and a sea of these dimen- 
sions b susceptible of tides considerably larger than those of the 
ocean, but how much larger we cannot determine without more 
accurate measures. These tides would happen on the Europeau 
coasts, if there were no resistance, a little less than Brt hours after 
the moon's southing, and on the coast of America, a little more 
than seven hours after ; but the resistance opposed to the motioa 
of the sea may easily accelerate the time of high water in both 
cases about two hours, so that it may be a little before the thiid 
hour on the western coasts ol* Europe aud of Africa, and before 
the fifth on the most exposed parts of theeasteru coast of America; 
and in the whole of the Atlantic, this tide may be combined mort 
or less both with the general southern tide, and with the partial 
effects of local elevations or depressions of the bottom of the sea. 
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Tvliicli may cause irregularities of various kinds. The sotitliern tide 
is, however, probably less considerable than has sometimes been 
supposed, for, in the latitudes in which it must originate, the ex. 
tent of the elevation can only be liaif as great as at the equator ; 
and the Islands of Ker^zuelen's Land and South Georgia, in the fati- 
fades of about 50** and 55°, have their tides delayed till the tenth 
and eleventh hours, apparently because they receive them prin. 
cipally from distant parts of the ocean, which are nearer to the 
equator. 

Ou tlie western coasts of Europe, from Ireland to Cadiz, on 
thos^ of Africa, from Cupe Coast to the Cape of Good Hope, and 
on the Coast of America, from California to the straights of Ma* 
geilan^ as well as in the neighbouring islands, it is usually high 
water at some lime between two and four hours after the moon*s 
southing; on the eastern coast of South America between four and 
sis, on that of North America between seven and eleven; and on 
the eastern coasts of Asia and New Holland between four and 
eight. The Society islands are perhaps too near the niiddle of the 
Pacific ocean to partake of the eftects of its primitive tide, and their 
tide, being secondary, is probaMy for this reason a few hours later. 
At the Almirantes, near the eastern coast of Africa, the tide is at 
the sixth hour; but there seem to be some irregularities in the 
tides of the neighbouring islands. 

The progress of a tide may be very distinctly traced from its 
source in the ocean into the narrow and shallow branches of the 
sea which constitute our channels^ Thus the tide is an hour or 
two later at the Scilly Islands than in the Atlantic, at Plymouth 
three, at Cork, Bristol, and Weymouth four, at Caen and Havre 
six, at Dublin aud Brighthelmstone seven, at Boulogne and Liver- 
pool eight, at Dover near nine, at the Nore eleven, and at Lon- 
don bridge twelve and a hsTlf. Another portion appears to proceed 
round Ireland and Scotland into the North Sea ; it arrives from the 
Atlantic at Londonderry in about three hours, at the Orkneys in 
six, at Aberdeen in eleven, at Leith in fourteen, at Leostoflfe in 
twenty, and at the Nore iu about twenty-four, so as to meet there 
the subsequent tide coming from the south. From the time occu. 
pied by the tide in travelling from the mouth of the English chan* 
»el to Boulogne, at the rate of about fifty miles an hour, we xxi^y 
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olcnUle that the meai) dcpll) of Che chapne) a about tweuty.ciglii 
ftthoRi*, indepenitrntly ttf the iDaguilude of llie resistances of n- 
rioui kindi to be overcome, wbicli rci]uire ua to suppose tbe Aaplh 
from thirty lo forty l'«llioms. lu llie g'eat river of Ajoazoni, llic 
efiects of the titles are aliil sensible u( the alreigUls of Paaxis, 500 
miles from the sea, after an interval of several ilays spent in iheir 
jMSMge U)) : for the slower progreijsive niolioa of Uie water no 
more impc'les tJic progress of a wave against Ihe Btream. lliau llie 
fvlocily of the wind firevenls the tranaiuisaion of sound in a coo- 
tnry direction. 

Such are the general ouliines of tlie luuar tides; lliey are, how 
ever, liable lo a great variety of mod ificdt ions, besides tlieir com- 
biuatioD with tlte tides produced by the sun. When the mooD it 
eaaclly over Ihe equator, the highest part of the remoter, orinfe* 
rior, as well us of the nearer or superior lides, passes also over (lie 
equator, and the etTect of the tide io various Utitudes (Iecreaw» 
gradually from liie equator to the pole, where it vanishes; bul 
when tbe moon has noilh or south licclination, the tno opposite 
■ummitt of the spheroid describe parallels of latitude, remaining 
always diametrically to each other, lieiice the two succeasivc tides 
must be unequal at every place except the equator, the giealei 
tide happening when the nearer elevation passes its laeridian: taA 
the mean between bolb is sotnewbat smaller tban iLe equal lidts 
which happen when the moon passes the equator. This inequality 
is, however, much less considerable tliau it would be if tbe Ks 
assumed at once the form of Ihe spheroid of e<]uilibriiim ; and (be 
most probable reasons for ibis circumstance, are, first, that our 
tides are partly derived from ibe equatorial seas ; secoaiUy, lliiil 
the effects of a preceding tide are in some measure continued so a> 
lo influence the height of a succeeding one; and, thirdly, that tlir 
tides of a narrow sea arc less afiecled by lis latitude than those oi 
a wide ocean. The height of the sea at low water is the saint 
whatever the moon's declination may be. Tliere is also a sliglil 
difiereuce in tlte tides, according to the place of the moon's na()c^ 
which allows her declination to be greater or less, and this diffrr- 
ence is most observable in high latitudes, fur instance, in IccIumI : 
since, iu the neighbourhood of the poles, the tide depends almol 
entirely on the declination. 



^ 



^ In all tliese cases, tbe law of the elevation and depressinii of each 
kir« ma; be derived, like that of the vibrations of a pendulum 
and of a balance, from die iiniforn^ motion of a point in a circle. 
TIius, if w e conceive a circle lo he placed in a vertical i^aiie, having 
its diameter cqiinl to the wbule magnitude of the tide, and lourhing 
the surface of the sea at jtiw water, the point, in which the surface 
meets the circumference of tlje circle, will advance nith a uniform 
motion, so that if tbe circle be divided inln twelve parts, tbe point 
will pass over each of these parts in a luiinr hour. It sometimes 
happens, however, in confined situations, that the rise and fall of tlie 
water deviates considerably from this law, and the tide rises lorae- 
what more rapidly than it falls; and in rivers, for exampre in tbe 
Seveni, tbe tide frequently advances suddenly with a bend of several 
jeet ill height. These devinlions probably depend on the magnitude 
^H|€lhe acliial displacement of tlie water, which in such cases bears 
^HBconsiderablc proporlion to the velocity of the tide, while in tbe 
^^Bwu ocean a very miimte progressive motion is sufficient to produce 
^^lie whole elevation. Tl)e actual progress of Ihe tides may be most 
ccnveuiently observed, by means ot a pipe descending to some dis. 
tance below the surface, so as to be beyond the reach of superficial 
agilationi, and having within it a float, carrying a wire, and indi- 
cating tbe height of the water ou a scale properly divided. 

We have hitherto considered the tides so fur only as ibey are oc- 
casioned by the moon ; but in fact the tides, as they actually exiBt, 
depend also on the action of the suu, which produces a series of 
cAects preciiely similar to those of tbe moou. allhough much less 
conspicuous, on account of the greater distance of the sun, the solar 
tide being only libouttwo-fiftbs of the lunar. These tides take place 
independently of each other, nearly in Ihe same degree as if both 
were single : and the combination resulting from them is alternately 
increased and diminished, accordingly as tbey agree-or disagree, 
with respect to the time of high water at a given plu'ce; in Ihe same 
manner as if two series of waves, equal amt>ng themselves, of which 
the breadths are as QS to 30, be sup]iosed to pass ii 
tiou over the surface of a fluid, or if two s»unds similarly related be 
heard at the same time, a periodical increase ami dimiiintiou of the 
joint effect will in either ease be produced. Hence are derived the 
spruig and neap tides, the efiects of the sun and moon beuig united 
at tbe limes of conjundiou and opposition, or of the new and full 
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moon, and oppoted at the quadratures, or Orst and last quarters. 
The high tides at the times of the equinoxes are produced by the 
joiut operation of the sun and moon, when both of them aresosi- 
tuated as to act more powerfully than elsewhere* 

The lunar tide being much larger than the solar tide, it must aU 
ways detenuine the time of high and low water, which, in the spring 
and neap tides, remains unaltered by the efiect of the sun ; so that 
in the neap tides, the actual time of low water is that of the solar 
high %vater; but at the intermediate times, the lunar high water ii 
more or less accelerated or retarded. The progress of this altenu 
, tion niay easily be traced by means of a siiiiple conatmction. If 
we make a triangle of which two of the sides are two feet and fife 
feet in length, the external angle which they form being equal to 
twice the distance of the luminaries, the thurd side will sb€*w pracisdy 
the magnitude of the compound tide, and the faalyes of the two 
angles op|)osite to the first two sides the acceleration, or retardatioai 
of the times of |iigh uater belonging to the separate 'tides re^pec. 
tively. Hence it appears that the greatest deviation of t^ie joiit 
fide from the lunar tide amounts to ] 1° 4S' in longitude, and the 
time corresponding, to 47 minutes^ supposing the pr<^>ortiun of the 
forces to remain always the same ; but in fact the forces increase k 
proportion as the cubes of the distances of their respective lununs^ 
ries diminish, as well as from other causes; and in order to dete^ 
mine their joint effects, the length of the sides of the triangle most 
be varied accordingly. In some ports, from a combination of cir. 
cumstances in the channel, by which the tides reach them, or in the 
seas, in \Ahich they originate, the influence of the sun and mooD 
may acquire a proportion somewhat different from that which ns.« 
turaily belongs to them : thus at Brest,^ the influence of the mooB 
appears to be three times as great as that of the sun; when it is 
usually only twice and a half as great. 

The greatest and least tides do not happen immediately at the 
times of the new and full moon, but at least two, and corarooDJy 
three tides after, even at those places which are most immediately 
exposed to the effects of the general tide of the ocean. The theory 
which has been advanced will afford us a very satisfactory reason 
for this circumstance ; the resistance of fluids in general is as the 
square of the velocity, consequently it must be much greater for the 
lunar than for the solar tide, in proportion to the magnitude of the 
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ce, and tli« accelernlioa of the luuar lide produced by lliis cause 
FfllKsl be greater llian lliai uf (he solar ; betice il may happen th«t 
vIkix the luuar tidif occurs two or three hours after the rmiuit o( 
tbe inooD, the solar lide may be three or four hours after tint of 
tb«auri, go as to be about au hour later, at tbe tintes of corgunclion 
and opposition, aud the tides will be iiighest when Ihe moon passes 
(lie lueridian about an hour after tlie sun; wlule at the precis liiue 
of (he new and full moon, the luimr tide tviU be retarded about « 
quarter of an hour by iJie effect of the solar (ide. 

The particular farms of the chauuela, Ihrougli which the tideiatk 
rive at differeut places, produce in iheiu a great variety of tocM 
inoditicalions ; of which (lie moat usual is, thut from the conver- 
gence of the shores of Ihe channels, the tidos rise to a much greater 
faeighl llian in llie open sea. Thus at Brest the height of Ihe tide* 
is about 30 feet, at Bristol 30, at Chepstow 40, at Sl.Matoes SOi 
and at Annapolis Royal, in the Bay of Puudy, as nmch sometimes as 
100 feet : although perhaps in some of these cases a partial wcilla. 
tioB of a limited portion of the sea may be an immediate eAect of 
the alliaclion of llie luminary. Id the Medilerranean the tides are 
generally inconsiderable, but lliey are still perceptible; at Naples 
they sonielimes amount to a foot, at Venice to more iban two feel, ' 
and in the Euripus, for a certain numbet of days in each lunation, 
they are very distuiclly observable, from the curreats wliicfa lliey oc- 
casion. In Ihe West ludies, also, and iu the gutf of Mexico, the 
tides are less marked than in tjie neighbouring leas, perhaps on 
account of some combinations derived from the variations of ilic 
depth oi the ocean, and from the different channels by which (bey 
are propagated. 

Iu order to understand Ihe more readily tlie effects of sucfa coni- 
btuatious, we may imagine a canal, as large as (be river of the Aina> 
sons, to commuuicate at both its extremities with the ocean, as to 
receive at each an equal series of tides, passing towards Ihe oppoaiu 
exiremily. If we suppose Ihe tides to enter at the sume instant at 
both ends, they will meet in the middle, nnd continue their proicrcs* 
without interruption ; precisely in Ihe middle the tinies of high anil 
low water belonging to each series will always coincide, and the 
will be doubled ; and the same will bap|tcn at tbe points, 
a lide arrives from one exiremily at llie tame instaut tlta( an 
^rliet or a later tide comes from tlie o(ber ; but at tlic intermediate 
V 4 
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poiau the dfects will be diouniftbcd, and at some of Ihcm coo- 
pletely destroyed, wbere tbe high water of one tide coincides mtk 
the low water ot another. TLc tides at tue port of Bateha in Too- 
kin bare been esplained by Newton from conudcnitioos of tbii m- 
tere. In tbi» port f here is only <Nie tide in a day ; it is high walsr 
at the sixth luuar hour, or at the moon's setting when the moon hn 
sortfa deciination, and at her rising, when she, has sooth declinstioo; 
and wfiea the moon has no declination there is no tide. In oider 
to expbin this dimmstance, we amy lepresent the two nne^ 
tides which happen in soecession everyday, by combining with two 
oqaal tides another tide, independent of tbem, and happening oaiy 
ooce a day ; then, if a point.be so situated in the cnnalwhkfa we 
have been coosidenng, that the effects of the two equal senudioraal 
tides amy be destroyed, those of the dai^y tides imly will leiuaia to 
be combined with each other ; and their joint result will be a tide 
as BMKh greater than either, as the diagonal of a square is greater 
than its side ; the times of high and low water betog intermcdiite 
between those which belong to the diarnai tides considored sqn- 
iVtely. Thns^ in the port of Batsha, the greater tide probably ar- 
lives at the third Innar hoar directly from the PacifiG ocean, and tt 
the nmth from tbe gulfofSiam, having passed between Sumatra sad 
Borneo ; so that the actual time of high water is at the sixth Ismr 
hour. The magnitude of thb componnd tide is by no means incon- 
siderabk ; it sometimes amounts to as much as 13 feet. 

Besides tbe variatioDs in tbe height of tbe sea, which constitute 

the tides, the attractions of the sun and moon are also ^ supposed to 

occasion a retardation in its rotatory motion, in consequence of 

which it ii left a httle bebiud the solid parts of the earth ; and a 

current is produced, of which the geoctal direction is from east to 

west. This current comes from tbe Pacific aud Indian oceans, round 

th^ Cape of Good Hope, along the coast of Africa, then crosses 

to America, and is there divided and reflected southwards towards 

the Brazils, and northwards into the Gulf stream, urhich travels 

round the gulf of Mexico, and proceeds north eastwards into tbe 

neighbourhood of Newfoundland, and then probably eastwards 

and south eastwards once more across tbe Atlantic. It is perhaps 

on account of these currents that tbe Red Sea is found to be about 

25 feet higher than the Mediterranean : their direction may possibly 

have been somewhat chaogedjii the course of many ages, and with 
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It the level of tlie Mediterranean also ; since llie floor of tlie cathe- 
■dnl al Reveiina is now seveMl feet lower witii respect to tlie sea 
4bao it is »ii|>poscil lo liave been formerly, and some ali'|is liave been 
founti ill the ruck uf Malta, uppareiitly iDteutled for ascending i^ 
mhicb are at |ireseiit under »ater. 
L [Voting. 



n I'ur rilfier valuable explanations of liie flux and reflux of tlie 
sea, tlie reader may consult tlie very excellent paper of Halley in 
tlie Philosophical Trau^actiuus, year l6'Q7 i t^^ prize essays of Ca. 
valleri, Bernouilli, Maclaiirio, and Euler. Lalande, Traile du Flux 
•t Bcflux ; and La Place, M^clianique Celeste. As also Dr. Ro- 
Lison's very excellent paper on this subject printed in the Encyclo- 
pedia Btitannica ; in which he observes, tlmt the sraallesl solar 
retardation of ttie tides is to tlie greatest, as the diflcreuce of the 
colur and lunar inllueiire is to tlicir sum : that is, fioin Dr. Maske. 
Jjiie'«[ohservalions at St. Helena, us 3? lo 87; wlience the sun'a 



effect is lu tha 



o 4.y6. 



. llypoikei 



The tides 
the flux ai>d 
alteriialely, a 



r of St. Pierre 
iiilh the c 



!j Ihe Tides, compared 
Doctrine. 



By Samuel Woudi, Fiq. 

The tides arc two periodical motions actuating the ocean (called 
Hux, or ebb and flow), which tucceed each other 
an intertal of alioul six hours; llie period of a ffus ' 
and reflux beiug, upon an average, I '2 hours 34 minutes, the double 
of whidi, 2< houri IS minutes, correspouds to that of a lutinr day, 
or the lirac elapsing bchveei) the moon's 'passing a meridian and 
coining to it again. 'I lieie alternate elevations and depressions of 
the ocean so exactly correspond with the course of the sun and 
IuooH) Bsttlimenud quanlily, that Ihe influence of those lumina. 
lies his in all ages been considered aa the cause of iheii produc- 

ktion ; but it nas reserved for moderu times to Bscertain llie prin- 
ciple of tlieir lath's, and lu calculate, with precision, the e&'ecia 
produced by Ibe ditfeienl mIuuIIous of the sun and moon, and the 

~ proportions of ibeir potter. This principle is no other than gravi- 
txlion. It is evident Ibat, if llic earlh were ealirely fluid attd (|uics- 
(eiilj its particles, l>y tbeir mutual gravity, vvoilU,! Hhole 
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mass info a perfect iphere : now, if any power be topposed to act 
on all tlie particles of this sphere with equal force, and in panUd 
directions, the whole mass would be moved together without expc* 
riencing any alteration in its figure. But this is not the case with 
respect to the nioun's action on our globe : the power of gravity 
diminishes as the square of tlte distance increases, and therefore 
the waters on the &ide of the earth next the moon are more attracted 
by the moon than the central parts of the earth, and the central 
parts more attracted than the waters on the opposite side ; sod 
therefore the distance between the earth*s centre and the waten oo 
Its surface under and opposite to the noon will be increased. For, 
suppose three bodies in the same line, if they are all equally at« 
tracted by any power, they will all move towards it with equal 
rapidity, their mutual distances continuing the same ; but, if the 
attraction of this power is unequal, the body most forcibly $U 
tracted will move fastest, and their reciprocal distances will be pro- 
portionally increased : thus, the power of gravitation acting ua- 
equally on the three bodies, the distance of the first from the se. 
cond, and of the second from the third, will be increased in pro. 
portion to the difference of the gravitating power at the distance 
of the three bodies respectively : now, suppose a number of bodies 
placed round the centre so as to form a fluid ring, unequally at- 
tracted by some power, the parts nearest and furthest from tbii 
power will have their distance from the centre increased, while the 
sides of this ring, being nearly equidistant from the power, tbe 
centre will not recede, but rather approach the centr,e, and form 
an ellipsis. To apply this reasoning to the case under consideration, 
while the earth, by its gravity, tends towards the moon, the water 
directly below her will swell and rise gradually ; the water on the 
opposite side will recede from the centre (or, more properly, the 
centre will advance), and rise, or appear to rise, while the water at 
the sides is depressed, and falls below the former level : hence, as 
the earth revolves on its axis from tbe moon to the moon again in 
24 hours 50 minutes, there will be two tides of ebb and two of 
flood in that period. In consequence of the earth's motion on her 
axis, the most elevated part of the water is carried beyond the 
moon in tlie direction of the rotation, and continues to rise after it 
has passed directly under the moon, not attaining its greatest eleva- 
tion till it has got about half a quadrant further. It continues also 
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to descend, after it has passed at 90^ dbtance from the point below 
the moon, to a like distance of about half a quadrant ; and there* 
fore in open seas, where the water flows freely, the time of high 
Water does not exactly coincide with the time of tlie moon's coming 
to the meridian, but is some time after. Besides, the tides do not 
always answer to the same distance of the moon from the meridiao, 
since they are variously affected by the sun's action^ which brings 
them on sooner whea the moon is in her 6rst and third quarters, 
and keeps them back later when she is in her second and fourth : 
because, in the former case, the tide raised by the sun alone would 
be earlier than the tide raised by the moon: in the latter case, 
later. 

We have hitherto considered the moon as the principal agent in 
producing tides^ but it is obvious that the inequality of the sun'« 
action must produce a similar effect ; so that, in reality, there are 
two tides every natural day occasioned by the sun^ as well as two 
tides every lunar day occasioned bv the moon, and subject to the 
same laws : on account, however, of the sun's immense distance, 
bis action is considerably inferior to that of the moon. By com* 
paring the spring and neap tides at the mouth of the Avon, below 
Bristol, Sir Isaac Newton calculates the proportion of the moon's 
force to the sun's as nine to two nearly. Dr. Horsiey^ in his edition 
of the Principia, estimates it at 5,0469 to i ; and, considering the 
elevation of the waters by this force as an effect liimilar to the ele- 
vation of the equatorial above the polar parts of the earth, it will 
be found that the moon is capable of producing an elevation of 
2ib6ut ten feet, the sun of about two feet ; which corresponds 
pretty nearly to experience. 

In order to understand Ihe cause of spring and neap tides> we 
niust consider, that the moon> revolving round the earth in an ellip- 
tic orbit, approadies nearer and recedes further from it, than her 
mean distance, in every revolution or lunar month. When nearest^ 
her attraction is strongest^ and vice versA : when both luminaries 
are in the equator, and the moon in perigeo, the tides rise highest, 
particularly at opposition and conjtmction ; at the change, when 
the attractive forces of the sun and moon are combined, the tide is 
raised to a greater height : at the full, when the moon raises the 
tide under and opposite to her, the sun, acting in the same line, 
raises the tides under and opposite to him, wheuce their conjunct 
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- cSect Ii tb« same u at Ihe chaiigr, Bod in both caws o< 
we ctti tpnng IkJts : bnl at ihe quxrler^, ibc swn'a sclioii Orwin'uhn 
ibe rSttt of llit momi'« aclioii, lo that tlicjr rise a link omler and 
oppMtle the sun, and full ih much oncler and opposite the monn, 
these two luntimiriM acliitg nbliqucly on cacti otiici 
what is called iiMp tidw. 

The spring tide*, howevfr. do nol happen precisely al lh« ft 
change of ibe moon, nor (lie ncafi tides ul Ihe <]uarirr3, I 
two days later. In ibis, us in many ollu^r cases, the eflecis aivfM 
greatest, or least, when the imniediule Jntluenee of ibe cauK <i 
greatest or least : as, fur instancei the grAilest l»e«t ot' smnmetii 
not at tite time of the solstice, hitt some weeks after; and H llx 
actions of the sun and moon should be suddenly subtended, lli« 
tides would cootintie for some lime in their usu;d course. The n- 
rations of the nioon's dislsace from tlie eurth produce a scuiiUc 
difference in llie tides. When the moon ap]>roaehes tbe earth, htt 
aclion on everir part increases, aud the dilTi^renees of her ■tijou is. 
ercBse in a higher proportion as the moon's distances decrcaw. Ac. 
cording lo Sir Isaac Newton, the lides iiicrense as the cubes of llie 
distances decrease ; so thxt the monn, at luilt' her dislaitce, Koutrl 
produce tides eight limes as great. Tlie sun being nearer Uie mill 
in winter than in summer, ihe spring lides are highest, and the ncqi 
lides loivesi, ubout the linic of the equinoxes, a littlo alUr llw 
antvmnal and before the vernal ; and, on the contrarf, the spritg 
tides lowest ami tlie Heap tides highest at the solstices, wlieu tk 
sun is most distant from the equator. When the nioon i» in ibe 
equator, the lides are equally high in both parts of the lunar dsj ; 
butasthe moon declines towards either pole.the tides are allenialelT 
higher and lower at places having north or south latitude t wliile 
Ihe Sim is in the northern signs, the greater of |lie two diuroal 
tides in our climates is that arising from Ihe moon above the lioii- 
son : when Ihe sun is in tlie southern lign?, the greatest is that irit- 
ing from the moon below the horizon. Thus tlie cvenuig tides in 
Slimmer are observed to exceed tbe morning tides, and in winter lb? 
morning tides exceed the evening tides : the difference at Bristol is 
found to be fifteen inches, at Plymouth twelve. It uould be eliU 
greatn', bnt that a fluid always retains an impressed motion for 
some time, and consequently tbe precediug tides always affect those 



that follow. 




* Tf the eatlh were covered all over with the sea to a great depth, 
■ihe tides would be regularly subservient to these laws ; but various 
cauces combine to produce a great diversity of effect, according to 
ihe peculiar siluulioQ and circunistauces of places, shoals, fords, 
and straits : thus, a slow aiid inipcrceptible motion of a large body ' ' 
of water, 8up|>ose two milts deep, will be sufficient to elevate its' 
surface ten or twelve feet in a tide's time ; whereas, if the same 
quantity of wuler is forced through a narrow channel forly or fifty 
fd I bonis deep, it produces a very rapid stream, and of course llie 
tide is found to set strongest in those places where the sea grows 
uarrowest, tlie same quantity of water being constrained to past 
through a smaller passage, as in the straits between Portlauit and 
Cape la Hogue iu Normandy ; aud it would be still more so between 
Dover and Calais, if the tide coming round the island did not 

P check it. 
I' The shoalness of the sea and the intercurrent continents are the . 
Kasoni why the tides in the open ocean rise but to very inconsider- 
alile heights, when compared to what ihey do in wide>moalhed 
rivers o]>eoing in the direction of tlie stream of the tide; ami that 
high water is some hours after the moon's appulfie to the meridian, 
as it is obi^ervecl upon all the western coast of Europe and Africa 
from Ireland to the Cape of Good Hope; in all which a toulh- 
west moon makes high water; and the same is said to he the case 
on the western coast of America : so that tides happeu to different 
places at all distances of the moon from the meridian, and consc* 
quently at all houn of the duy. 

To allow the tides their full motion, the space in which they are 
produced ought to extend from east to West (ft)° at least ; sucli be- 
ing tlie distance between the places most raised and depressed by 
: moon's ioflueuce. Hence it appears tliat such tides can ouly 
e produced iu large oteans, and why lliosc of the Pacific exceed 
those of the Atlantic ocean : hence also it is obvious wliy the tides 
b the torrid zone between Africa and America, where the ocean ii 
Jbrrower, are exceeded by those of the temperate zones on either 
: and hence we may comprehend why Ibe tides are sO small in 
hmds at a great dijfaiice from the shores, lince the water cannot 
i on one shore wiliiout descending on ihe other ; so that at the 
iHerntediule inland* it niual continue at a mean bciglil betweeji its 
levalions on those sboni 
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Hie tide produced oo tlie western coast of Europe corregpomls 
to this llu*i>rv« Thu*k« it u high water ou tlie westeru coasts of 
Ireland, Spain, aud Portuual, about the third hour after the mooa 
lia^ pMs.^e<i t^ie meridian ; t'roin thence it flows into the adjacent 
chaiiih U, us it Hnds the ea<»iej«t passage. Cue current, for cKaiuple, 
ruiiN i:p l>) the south of £i:;!!and, and auollier by the north of 
ScolIiin<i ; taSiUig cousiderable time to move all this way, and occa- 
sionliis: U'lfiU uatcr sooner in the places at which it first arrives^and 
begill^ lo tall at these places while the current is proceeding to othen 
further distant iu its course. Ou its return it u unable to raise a 
tide, because the water runs faster off than it returns, till, by the 
propogation of a new tide from the ocean, the current is stopt, 
and begins to rise again. The tide propagated by the moon in the 
German ocean, when she is three hours past the meridian, takes 
twelve hours to come from thence to London bridge ; so that, 
when it is high viater tliere, a new tide has already attained its 
height iu the ocean, and iu some intermediate place it must be low 
water at the same time. When the tide runs over shoals, and 
flows upon flat shores, the water b elevated to a greater heigbt 
than in open and deep oceans that have steep banks^ because tbs 
force of its motion b not broken upon level shores till the water has 
attained a greater height. If a place communicates with two 
oceans, or by two different openings with the same ocean, one of 
which affords an easier and readier passage than the other, two 
tides may arive at this place iu different times, which, interfering 
togetlier, may produce a great variety of phaenomena. 

At several places it is high water three hours before the mooo 
comes to the meridian : but that tide which the moon drives, as it 
were, before her, is only the tide opposite to that produced by her 
when nine hours past the opposite meridian. 

It would be tedious to enumerate all the particular solutions 
easily deducible from these doctrines: as^ why lakes and seas, 
such as the Caspian and the Mediterranean, the Euxine and the 
Baltic, have little er no sensible tides; since, having no commu- 
nication, or being connected by very narrow inlets with the great 
ocean, they cannot receive or discharge water sufiicieut to alter 
their surface sensibly. Iu general, when the time of high water at 
any place is mentioned, it is to be understood on the days of new 
and full moon : the times of high water in uny place fall at nearlj 
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the same hours after a period of about fifteen days, or between one 
spring tide and another. 

This theory, however, is not without objections and difficulties; 
which has encouraged a Frenchman of some eminence, St. Pierre, 
to frame a new and singular hypothesb, ascribing all the phaeno* 
niena of the tides to the periodical effusions of the polar ices. I 
shall first mention the most material facts and considerations which 
appear to militate against the common theory, as stated by St. 
Pierre ; and I shall then endeavour to explain the theory he has 
substituted (which it has cost me some pains to collect, abstract, 
and arrange), as nearly as possible in a literal translation of his own 
language. 

It is said that, if the moon acted by her attraction, her influence 
must extend to the Mediterranean, the Baltic, the Caspian, and 
the vast lakes of North America, in some degree at least ; but all 
these have no sensible tides \ This tranquillity renders her attrac- 
tion liable to suspicion; and we shall, perhaps, find that the 
greatest part of the tides in the ocean have nothing more than an 
apparent relation either to her hifluence or her course. 

The phases of the moon do not correspond ail over the globe 
with the movements of the seas. On our coasts the flux and refiux 
follow the moon rather than her real motion: in various places 
they are subject to difierent laws, which obliged Newton to admit 
(chap. 25,) " that ui the periodical return of the tides there must 
be some other mixed cause, hitherto undiscovered/' 

The cifrreots and tides in the vicinity of the polar circle come 
from the pole, as appears from the testimony of Fred. Martens, 
who asserts, that the currents amidst the ices set in towards the 
south ; but adds, that he can state nothing with certainty respect- 
ing the flux and reflux of the tides.— Foya^c ioicards the North 
Pole^ 1671. 

Henry Eilis observed that the tides in Hudson's bay came from 
the north, and were accelerated as the latitude increased. It ts 
impossible these tides should come from the line or the Atlantic. 
He ascribes them to a pretended communication with the South 

* The Caspian tea is about 8S0 milei long, and, in one place, 200 milet 
broad : there are sir on? cnrrent^, hut no tidci« 
There is no regular flu aod reflux in the Baltic, 
la some paiticiiiar apob of the Meditaraneao there i% a uaall tidtw ' 
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Sea. At Waigaft Straits these north tides ran at the rate of eig^ ' 
or ten leagues an hoar. He compares them to the sluice of a ndtt. 
^^Voyage to Hudson* $ Bay, 1746. 

Linscetten, \n 1594» made nearly the same remarks, and observes 
that in Waigat^s Straits the water was only brackish. He says the 
tides come from the east with great ?docity> bringing with them 
large islands of Ice. 

W. Barents (1595) confirms this acconnt. 

All these effects can be prodaced by nothing else than the eflKu 
sk>n of ices surrounding the pole. These ices» wJiicb melt and 
€ow with*such rapidity in the northern parts of America and Europe 
about the month of July and August, greatly contribute to our 
high equinoctial tides ; and when these effusions cease in Octohr, 
our tides begin to diminish. 

If the tides depend on the action of the son ami moon on the 
equator, they ought to be much more considerable towards the 
focus of their movements than any where ^Me. But this is contnuy 
to focXf (Dampier says). From Cape Blanc, from the third to 
3(/ south lat. the flux and reflux of the sea does not exceed two 
feet. The tides in the East Indies rise not above a foot ; near the; 
poles they rise 20 to 25 feet. 

In the road of the island Massafuero (33^ 46^ south lat. 80^ 9,11 
west loDg.) the sea runs twelve hours north,' and then flows hack 
twelve hours south : its tides, therefore, run towards the tine.—* 
Byron^ April 1765. 

At English Creek, on the coast of New Britain (5^ south lat. 
152° west long.) the tide has a flux and reflux once In twenty four 
Jiours. — Carteret, August 1767. 

At the Bay of Isles, in New Zeland (35° south lat.), the tides 
set in from the south.— CooAr, Dec, 17^9- 

At Eudeavour river, in New Hollaud, neither the flood or ebb 
tides were considerable, excepting once in twenty.four hours.— 

JunCj 1770. 

At Christmas Harbour, in Kerguelen's Land, the flood cdme 
from the south.east, running two knots an hour. — Cooky DeCm 
J 766. It appears to have been regular and diurnal, t. e. a tide 
of twelve hours. The tide rises and falls about four feet: 

At Otahcite the tides seldom risef mpre than twelve or fourteen 
Yicbes i and it is high water nearly at noon, as well at the quar« 
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ters as at the full and cfiaofre of the moon*. It is evident, 
from' a table of these tides for twenty -six days that there was 
but'one tide a day ; and this, durmg tbe whole time, was at its 
mean height between eleven and one. These tides, therefore, caii 
have no relation to the pliases of the moon. 

Let ds now take a cursory view of the effects produced by the 
tides in the northern part of the South Sea. At the entrance of 
Nootka it is high water, on the days of new and full moon, at 
twenty minutes past twelve : the perpendicular rise and fall eight 
leet nine inches ; which is to be understood of the day tides» and 
those which happen two or three days after the full and change.' 
The night tides rise nearly two feet higher f. These semididriial 
tides differ from ours in taking place at the same hour, and exhibit, 
ing no sensible rise till the second or third day after the full moon: 
all which is perfectly mexplicable on the lunar hopothesis. 

These northern tides of the South Sea, remarked in April, be« 
come, in higher latitudes, stronger in May, and still stronger in 
June ; which cannot be referred to the moon's course then passing 
into the southern hemisphere, but must be ascribed to the sun's 
course passing into the northern hemisphere, and proceeding, as its 
heat increases, to fuse the ices of the north pole : besides, the di. 
rection of these northern tides towards the line constitutes a com- 
plete confirmation that they derive their origin from the pole. 

At the entrance of Cook's River there was a strong tide setting 
out of the inlet at the rate of three or four knots an hour : higher 
up in the inlet, at a place four leagues broad, the tide ran with pro. 
digious violence at the rate of five knots an hour. Here the marks 
of a river diqsbyed themselves, the water proving considerably 
fresher t. 

What Cook calls a river, is nothing but a real northern sluice, 
through which the polar effusions are discharged into the ocean. 
Middletoii^ found between lat. 65° and 66*^, a considerable inlet 
running west, which he calls Wager's River ; and, after repeated 
trials of the tides for three weeks, found the flood constantly coming 
from the east. This is another of the northern slucies. 

■^i^— ■ ■ ■ I I ■ I ■ 11 ■ ' ^^— ^— iM^»<ll l» i n ■! , 

• Cook, Dec. 1777. + Cook, April 1778.. } Cook, Maj 1778. 

S Voyajge to Hudson's Bay, 1741 and 1742. 
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In Ktraliftkoom Btj» Sandwidi Islaiidi» tbe tides ire veij cega* 
Isr^ ebbing and flowing six hoars each slterofttely *. 

At the town of St. Peter and Paul, in Kamschatka, the tidaare 
▼erj regular erery twelve hoars t« 

Mr. Wales acknowledges that the tkles obienred in the nuddle 
of the great Pacific ocean fidl short full two-thirds of what might 
have been expected from calculation {• 

The course of the tides towards the equator io tbe Sooth Sn; 
their retardations and accelerations on these shores; their ducc- 
tions, sometimes eastward, sometimes westward, according to dw 
monsoons; finally, their elevation, which increases in propoilios 
as we approach the poles, and diminishes in proportion to the & 
tances from it, even between the tropics, demonstrate that tlidr 
focus is not under the line. The cause.of their motions dependmot 
on the attraction or pressure of the son and moon on that purt of 
the ocean, for their forces would undoubtedly act therewith ik 
, greatest energyi and in periods as regular as the course of the two 
luminaries. 

Why, then, are the tides between the tropics so feeble and so 
much retarded under the direct-iofluence of the moon ? 

Why does the moon, by her attraction, give us two tides eierf 
twenty.four hours in the Atlantic ocean, and produce only one ii 
many parts of the South sea, which b incomparably broader t 

Why do the tides take place there constantly at the same hoorS) 
and rise to a regular height almost all the year round 1 

Why do some rise at the quarters just the same as at the full and 
change 1 

Why are they always stronger as you approach the pole^, sod 
frequently set in toward the line, contrary to the principle of lunar 
impulsion ) 

Tiiese problems, which it is impossible to explain by the lunar 
theory, admit an easy solution on tbe hypothesis of the alternate 
fusion of the polar ices, 

Such are the most material objections adduced to invalidate tbe 
lunar theory. How far they are conclusive, shall be left to future 
investigation. 

But St. Pierre is not content with demolishing the old structure} 



♦ Gierke, Marcli 1779. + Gierke, Oct. 1779. 

X Introduction to Gook*i last Voyage. 



I bas judged proper to erect a new one; aud a fair exposition of 
k system will enable us to determinei by comparisoa, to whicb 
ieball give our suffrage. 
lI is well knowu ihat Sir Isaac Newton and Cassiui differed in 
r opinion respecting ibe figure of ttie earth : ihe former con_ 
king it to be an oblate epberoid, flattened at the poles ; Ibe latter 
Intending it must be oblong, or elongated at tbe poles. To ascer- 
9 point, some of the most celebrated mathematicians of 
were ap^iointed to delerniine, by actual measurement, the 
hgib of a degree both at tlie equator and at tbe pole. Tbey 
kud (bat tlie polar degrees exceeded llie e<]aatorial, and con- 
fded they murt conser|uenlIy be parts of a larger circle, and, of 
liirse, that tbe earth was flattened at the poles. This was univer" 
jDy considered as decisive of the ijueslion, till the genius of ^f, 
jkPiene detected a gross and ]talpable error in tbe calculation, 
bicb bad escaped their accurate knowledge and penetration : but, 
ongation of tbe poles constitutes a leading feature in tb« 
V theory, I shall give it a more detailed examination. 
Tills polar elongation, as he conceives, is supported by four 
direct and positive proofs :— the first geometrical, upon which he 
lays the greatest stress, and upon whicb he bas staked bis reputa- 
tion; the second, atnwspberical ; the third, nautical; tbe fourth, 
aitronotnical : of all which in order. 

The first, or geometrical proof, is what he calls a demonstration 
founded on tbe measurement of tbe earth, and admitting the polar 
degrees to exceed tbe eipialuriul: here follows the demonstration : 
If you jilace a degree of tbe meridian at the polar circle on a de- 
gree of tbe same niuridian at tbe equator, the first degree, whicb 
measures 57,4'22 futhom.x, will c^ceed the second, which is 56,748 
falfaoins, by 6^4; consequently , if yon apply Ihe arc of the mert* 
dian conluined williin llie polar circle, being 4?°, to an arc of AJ' 
of the same meridian at the e<|untor, it would produce a consider- 
able protuberance, lis degrees being greater. 

To render this more apparent, let us always suppose that Ibe 
profile of tbe earib, at the poles, is an arc of a circle containing 47°; 
'm it not evident, if you trace a curve- on the inside of this arc, an 
Ihe academicians do when tbey flatten the eaHli at the poles, that 
it roust be smaller Iban the arc within wbicb it is described, being 
conlaineU in it i And Ihe more this curve is flattened tbe snialkr . 
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k becomes. Of coofeqiienoe, the 47^ of Uiis entire curve nil be 
individiialljr Mualkr tinio tlie 47^ of tbe containing arc Bnt u 
the degrees of the polar curve exceed those of the an: of a ckde, 
it most follow that the whole curve is of greater eateat than tbe 
arc of a circle: now to be of greater extent it flanst be.more pro- 
tuberant: tJie polar cunrcr of consequence,, forms a lengdicasi 
dlipsis. Q.E.D. 

It must be acknowledged that this d^moostrnticli ia mrj penpL 
cnons and convincing. How the roost celebiated academiciaBs sdl 
walhematidans^ for nearly half a century^ coold imvie overloolMdi 
proposition so plain and simple, cao only be ascribed^ in the opiuoa 
of St. Pierre^ to their obstinate and inveterate prejudices^ He 
pnnacs his victory in a stnun of vain and indecent exultatioD, which 
would dishonour a more lespectaMe cause; but, perliapit a litlle 
attention wiU mduce us to doubt at least wbethcar the ebai^ssf 
gross ignorance may not, with justice, be retorted no their aoenicr. 

It would have been indeed extraordinary, if men <if aoieaoe M 
been absurd enough to imagine that a larger arc might be iadoded 
in a less r but they might suppose, with propriety and jnatiee, tfcst 
the smaller arc of a larger circle can be included in the larger m 
of a smaller circle, which, in tbe present instance, appears tobe tlit 
case. In measuring a degree on the meridian, a certain ^ a 
ixed upouy where tbe elevation of the polar star ia taken by > 
quadrant; from this spot they proceed in a direct line north, tili 
the quadrant indicates an additional elevation of one degree. Id 
proportion as tliis degree constitutes a part of a larger or smslkr 
circle, a greater or less portion of ground will be passed over be- 
fore the desired elevation is observed ; and tbe measurement of tbii 
gropnd unequivocally decides whether this degree is part of a Isi^r 
or smaller circle. In this case the measurement is admitted, bst 
the conclusion denied. St. Pierre seems to have supposed> that tbe 
academicians divided the polar arc into 47 parts, and then measoied 
one of these parts : a. thing impracticable and rid jculous» The Act 
is, that the polar arc, which, if the earth were a perfect sphere^ 
would contain 47S does not actually contain so many, but perfasps 
about 46° of a larger circle ; and if the polar degrees are parts of 
a larger circle, as they certainly are, it is demohstrably evident tbst. 
tbe real arc must be contained within the spherical arc, and, coo- 
sequently, that the earth is flattened at the poles» 

I now proceed to state tbe three lemaining proofs adduced b; 
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$(, Pierre in corroboTatimi nf llic denionilniiKm I tiave jftM notiVcd ; 
but, as 1 conceive niysell' (u buvc fully ()b()roveil ttie et'oniatrrrnt 
«videDCC, I slinll not Irciuhle you wilU uu allemjit lu invulidntu lli«iw 
subsidiary contirmalion*. 

The second |>roof (aays he) is almos|>liertrnl. It is well hnawR 
that, in proporlion as yuu asceml a itiutiiitain, lli« ntrrnury in 
liaromeier subsides: now the inerrury sinks in ibc bnrumcter in 
jiropoction as you advance iiortliivurd, Tbc ueigbt of otic linr of 
mercury at Paris Is ci]iiivHlcnt to nn clcvulioti of 10 fiitliom HntI S 
feet, wliereas in Sweden il is ri]uival«nt to 10 fnlbont 1 tbnt inc 
only: and ot'counie Ibe gronnd of Sweden innst be bi|;brr. Krntn 
a series of observntions niitde hy OiptHtn Conk in tbc southern 
liemispliere in 1773 lo 1775, wc perceive the mercury Mnrcely ever 
rises biglwr tlinn 29 inches beyotxl llie 60tli dcfirec of sohiIi lati- 
tude, and mounted ulmost always To 30 iitcbn and even bibber io 
the vicinity of tile torrid none ; whicJi provet Hint the baromntcr 
Alls as yoii recede from tbc line, and llrat belli poles ape elM>[[stad. 

The third prodf it nauliml, ariiing from the antiiial descent of 
the ices towan) the Nne, ini|>elled by cnrrenis ftroeeedin^ alter* 
nately from each jiole diiiin{> tlwir re«]>e«ttve summers, imtnense 
niouatains of ice being frctjuenlly seen by navigators in low lulf- 
tndes. 

Tlie fourth proof is astronomical. Cbtldrey (an pjiKlisfinnthnref 
fmle)su|>poSes, says M. St. Pierri-, that ibe earth ai thepolriiaenvm-d 
with ire to snth a height us to render its figure •ensihly uvai. Kep- 
ler soys that Die eclipp? of 111* moon on the a*iih a^-ptewbcr 1074, 
like ttie oik observed by Tyrho Rralt^ in t«M, wbkb wm IoIbI, 
and vet; nmriy central, diflrri^ widely from thn ciktitaliuit ; for, 
not only the duration of total daikrWH was eilrenwiy sliArl, but 
ibe rest of lh« rioraiioii, previous and pusferasr to Itie tultl obseufM> 
lion, was still shorter, a* if tb« fij^ara of ih« nrih ww •tlipitml, 
having Ihe tmslleil diameler uiHlcr tlw rtptatvr, mil tim gMtlmf 
from pole to pole. 

Nasigaionin tbe iMrtli have always se^n Um rlivMfwi of llM swn 
above the borinM peabr lb* anrcr tbc; apptOMh ib* yataa. Il 
B impesaiUe fe anrftic tfecat; ojMkil «Aet» t» aKm i My llt t tail nAm 
lion. 

Barent*, on tbc 24ll!i at t mma r j, in Mom 7miM», mm tlw «M 
13 days soosmi ibao be cipMt«d, wlMb would gnit a iHim^km «f 








3^°; a thing iinpouible, and Ihe circunulaace ran be swiih 
no other cause llian hia real elcvaliou. 

Si. Pierre cuts llic difficulty ariaing from tbe difiereut vibration 
of the iMridulum, by observing that Ihey ore liable to ■ ibousaod 
errors. 

The clongatioD of the poles being thus demon si rated. Ihe ci 
of the sea* aud lidea fullows as a natural and oeceuaiy « 
quence. 

Let us now consider ihe extent of tbe polar ices, and tb« p 
capable uf eflecting their solution. 

I'he polar ices in (lie winter proper to each hemisphere are (ran 
six lo seven thousand leagues in ciccuiulerence : but in their tuuia 
mer, from two to three tbdusand. 

Tile ices and snows form in our hemisphere, in Jaiinary. a cupoli, 
the arch of which extends more Iban two ihousaud leagues oter tli« 
two coulinents, with a thickness of some lines in Spain, some inclws 
in France, several feet in Germany, many fathoms iu Rnssia, and 
beyoud the GC of north latitude of some hundred feet. Senw 
ice islands were seen by Ellis from fifteen to eighteen hundred frU 
above the level of the sea, and they probably go on iiicreasiag to 
tbe pole lo a height indeterminable. Hence the ettormous tfp> 
gatioii of water, fixed b^ the cold of winter in our heniiipbcR; 
above tbe level of the ocean, b clearly perceptible j uid lo Ibt 
periodical fusion of these vast masses the general luoveinent of tht 
seas aud tides is justly ascribable. The ices at the south psla 
mceed in quantity those at Ihe north ; and two such bodies of 
ices, alternately accumulated and dissolved, at the two poles, moil 
occasion a very perceptible augmentation of its waters at tbeii 
return to it by tbe action of the sun, and a great diminution by 
their reduction to ice when the sun retires. It has been calculated 
that the earth and sea covered with ice, may be equalled ti> l-iotb 
of the whole ocean, and the height of the polar ices is at least 600 
feet; a mass which in niehiug must add 1-lOlh, that is 6U feet, to 
the level of the ocean. 

Nature has distributed sandy zones to assist, at tbe proper sea- 
son, in accelerating the fusion of the jiolar ices. The wiodi iu 
summer convey the igneous particles with which these zones are 
filled towudi the poles, wh«ie they assist the sun's aclioa on tbt 
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e moon also dissolves ice by llie liun)idily nf the atmospliert. 
Bien (be moon sliines in winler nights in all her lustre it Treeiei 
sliflqily, because the north wind checks tbc evaporating ioAu. 
e of llie moon : but if the wind is stilled ever so litlle, you see 
t heavens covered wilh vapours which exhale from Ihe earth, and 
u liud the atmosphere softened, 
af ure liavjug determined to indemnify the poles for Ihe sun's ab- 
!, makes tlie moon |wss toward Ihe pole, wbich ihe sun abandons: 
le crystallites, aod reduces into brilliant snows, the waters wliicli 
[ : she renders its atmosphere more retrdctiie, that Ihe sun's 
e may he delaiued longer in it, and restored sooner to it : 
also there is reason lo conclude she has drawn out the 
s of the earth in order to beslon on ihein a longer patticipatloa 
lie sun's influence. We may Judge from analogy Ihe general 
9ect of Ihe tides : a source discharging itself into a baaun pro- 
Ouces at Ihe sides of that bason a backward motion or counter cur- 
rent, wh'urh carries straws and other floating substances up lowarda 
the source. 

Charlevoix (Hist, of New France) tells «s tliati though the wind 
was eontrary, he sailed at Ihe rule of eight leagues a day up the lake 
Michigan, against its general current, by the assistance of its lateral 
couiiter-currents 

M, deCrevcceur assures us, that in sailing up the Ohio, along its 
banks'he made 42S miles in fourteen days, or ten leagues a day, by 
means of Ihe counter-currents, which have always a velocity pro- 
)>ortional to that of the principal current. 

The particular eficcis observed in lakes and rivers communicating 
uith icy mou mains, illustrate the nature of the |)olar eflusious. A 
kind uf &u\ and reHux in Ihe lake of Geneva, during summer and 
towards the evening, is observable, occasioned by the melting of the 
snvws, whieh fall into it after noon in greater quantities than at other 
seasons of the day. The inlermiltence of certain fountains is 
aacribable to the same cause. The frequent and rapid fluxes (fen 
or twelve times a da^) of the Enripns, Ihe strait separating Bceotia 
ftam Euboea, arise from ihe same source. 

The currents of Ihe ocean are reducible lolwo general ones: one, 
timing OUT summer, from (he north pole, in a south direction ; the 
other, during our winter, proceeding northward from the south 
pole* 
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Danpier laji it down at a praiciplr, fiMiaded «■ naii; cipcii« 
Bcnls, that corraits are scared^ cfcr fitlt bat oat at aea, and ladet 
upoQ tbecoasti. 

The polar cfiusioM, whidi are tke tides of the nmrtb and rut to 
tkote who dweU in the irkiaitjr of the pole, or u bajt conmu- 
cating with it, t^e their general course to the iniddle oitht dmufA 
of ti^^ Atlantic ocean, attracted toward the line by the diminatioi 
of the waters^ «ihich the sua is incessantly e%-aporatiBg. Thej pro- 
duce hj their general current two contrary ciinenta or colUttnl 
whirlpools similar to those produced by liTers od their banks, sad 
tiie tifies may be considered as vortices of the general currcatof 
the Allaofic ocean. 

The general current, which flows from onr polo m anauDer aitfa 
so much rapKhty* and which is so violent towards itaaouice, croiNS 
the equinoctial liue, its flux not being stemmed by tbe cflnsioBi of 
the south pole, at that season consolidated into ice ; it extends b^ 
yood the Cape of Good Hope, and being dircctod cut» by the peai- 
tion of Africa and Asia, forces the Indian ocean into the suae 
direction, and may be considered as the prime aaover of tbe western 
monsoon, which takes place in the Indian seas in Apiil, and ends ia 
September* 

The general current, issuing during onr winter firom the soath 
pole, restores the Indian ocean to its natural motioo west; crosEcs, 
in its turn, tiie equinoctial line, penetrates into onr Atlantic ocean, 
directs its motiou nortb by the position of America, and produces 
various clianges in our tides. All the bajs, creeks, and roeditemf 
neans of southern Asia, such as the gulphs of Siam and Bengal, the 
Persian guipb, tbe Red sea, &€• are directed relatively to these 
currents north and south so as not to be stemmecl by them ; as all 
the ba}s and mediterraneans of Europe, as the Baltic, the English 
channel, the bay of Biscay, the Mediterranean sea, Baflln's hey, 
Hudson's bay, the gulph of Mexico, and many others^ are directed 
relatively to these curreuts east and west; or, to speak with more 
precision, the axes of all the openings of the land in the old and 
new world are perpendicular to tbe axe^ of |hese general currently 
so that their moutb ouly is crossed by them, and their depth is 
not exposed to the impulsions of tbe general movements of the 
ocean. 

That these currents are not the offspring of my own imaginatioDi 



but acluall; such as I have described lliem, will appear from rariuu 
teilimontea. Fro^^er snjs tliut in Brazil the currunls follow iIk sun 
running ijouiliward wlien lie is south, and northward ulieu he is 
norlli. In llie summer of ihe toutlieni hetnisplierc, the tides set in 
northward (Schoutcn, Jan, t(>6l), but in winter run southward' 
anil coiue from ibe north (Frttser, May 1712), C. Columbim set 
sail from the Canams the beginning uf Scpteuiber, and steered lo 
the west : he found, during the first davs of his vo<ra^, lliat the' 
currents curried him to the north-east: when he had advanced 300 
or 300 leagues from laod, he ))erreik'ed their direction wa:> south- 
ward ; fiTiully, as he approached the Lucuvo islands, he agaiu found 
l}re current M:tliiig iu north. 

The nautical ubservatioiis of Cook denion.strate that tiie currents. 

of the Atlantic oceaji are alternate and half-yearly like those of tlie. 

Indian ocean. The beans called Oxejes, which grow only in the. 

West ludies, are every year tlirown up on the coast of Ireland, 

ISOti leagues distant. Seedi and turtles are brought to tlie He. 

, brides from the West ladies and America; and the mast of the 

MflTilbury man of war, burnt at Jamaica, was found oo these coasts :' 

^the current which wafts these along jiroceeds iu a north direcliun, 

\ and proves thai the Atlantic current comes from Ihe soulh, and liets 

in norlh during our winter. The currents of the north annually 

convey, in sunimer, toward llie south, long hanks of floaling ices of 

very considerable depth and elevation, which run aground as far 

south as the banks of Newfoundland. 

RennetbrI (June 20, 1(}6~6), near the Azores (in lal. 40° lo 45°), 
saw Ihe broken masts, sailyards, &c. wrecked in the engagement 
wliich lasted four days between the English and Dutch, from Jnne< 
il lo 15: this naval combat took place 12 miles to the n^rth-wtbt 
of Ostend, about 51° north. The currents from the uorlii had 
therefore wafted them in uiuc days 11° soulh, besides a consider- 
able progress westward. 

Tbe general current issuing from Ihe south pole divides into two 
branches; one, setting in towards the Atlantic ocean, peuetialci 
even to iU northern extremity. This part, straitened by the pro- 
minenl parts of Africa and America, forms on the coast two counter 
cnrretits, whicli proceed iu op))oiit« directions. One of these cur- 
rents rons east, along the coast of Guinea, to llii' fiiurth degree of 
soulb latitude ; the other takes its dejnirturG from Ca|)« -u- 
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tin, proceeding south-weit, along Bruil» to Maire'ii Straits, lothe 
middle of the Atlantic ocean, beyond the ttrait formed by tlie two 
continently this general branch puslies on north, and adTances to the 
north extremities of Europe and America, bringing us twice erery 
day along our coasts the tides of the south, which are the half daily 
effusions of the two sides ol the south pole. The other branch takes 
a direction south of Cape Horn, rushes into the South Sea> pro. 
duces the monsoon in the Indian ocean, and, having made the tour 
of the globe, unites itself by the Cape of Good Hope to the general 
current which enters the Atlantic ocean. 

In our summer, commencing toward the end of March, when the 
sun retires from the southern hemisphi re, and proceeds to warm the 
north, the effusions of the south pole are stayed, those of our pole 
begin to flow, and the currents of the ocean change throughout 
every latitude. The general current of our seas divides also into 
two branches ; the first deriving its source from Waigats^ Hudson's 
Bay, &c. flows with the rapidity of a sluice, descends through the 
Atlantic ocean, crosses the line, and, finding itself confined at the 
same strait of Guinea and Brasil, forms two lateral counter currents 
setting in north : these counter currents produce, on the coasts of 
Europe, the tides which ap^ar to come from the south* The 
g;eneral current advances south, arrives about the month of April at 
the Cape of Good Hope, and renders the passage round this cape 
so ditfieult to vessels returning from India at this season ; about the 
middle of May it reaches the coasts of India, produces the west 
monsoon, and, having encompassed the globe, proceeds to Cape 
Horn, re*ascends the coasts of Brasil, and creates a current termi* 
nating at Cape St. Augustin. 

The other general branch;^ which receives much less of the icy 
effiisions, issues between the continents of Asia and America, and 
descends to the Soutli sea, where it is re- united to the first branch. 
The ocean accordingly flows twice a year round the globe in oppo* 
site spiral directions, taking its departure alternately from each pole, 
and describes on the earth the same course which the sun does in 
the heavens. 

The course of our tides towards the nortli in winter is not an 
effect of the lateral counter currents of the Atlantic ocean, but of 
the general current of the south pole, which runs north. In this 
direction almost throughout it passes from a wider space into a nai- 
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rover, anil carrin btfon il al occe ihe wbole nuu of ibe waters of 
the Atlanlic nceaa, witlioul petwittUig a single colunu) to cfcape 
cttlier to the right or left. Hooever, tf it nw«t a cape or slrail lo 
ofipMe its course, it would fonn Iberc a lateral curreiil, aa at 
Cape St. AugasliR,*iKl in Africa aboul 10° N. lit.; rorinthenu- 
Bter of tbc south pole Ihe currents and tides return south on lb« 
Amnican, and east on the African side, the whole length of ihe 
gulpli of Guinea, in conlradictiou to all the Uws of the laiuf 
vystem* 

from iJiese polar eRusions the principal plisoomena of the tidca 
maj be explabed. Il will be evideol, for example, why iboae of 
the evening diouUl be stionger in summer than those of the morn- 
ing: because tlie bun ads uuie poweifull; b,v day than by nighl on 
tlie ices nf the pole on the same niendiao as ourselves : and also 
vUy onr momiog ttdeft in trinler rise higher than lliose of the eren. 
ing,ti)d why the order of our tides changes eveiy si\ months: be. 
cnnse, the Ma being ullernately towards both poles, the effect of the 
tiJes uiusl be op|>OM(e, like the causes which produce Iheni. At 
tlie solstices the tides are lower lliao ataiiy other season of Ihe year, 
and Ihoae likenise ate the seasons when there Is luost ice on the 
two poles, and consequently least water jn the sea : the reason 
is obvious, the winter solstice is wiiU us the season of the greatest 
cold ; of course iheie is Ibe greal^:st possible accumulation of ice oa 
our pole and beiuispherc. At Ibe south pole i[ is indeed the sum< 
mer solstice: but liilleice is then mdlvd, beoinae Iheactisu of the 
gTeatvsthcatisnol felt Iheie as with us, till the earth has an acquired 
heat superadded to Ibe sun's action, which takes place sis weeka 
Jbllowing the summer solstice. 

At Ihe eijuinoxes, on ibe contrary, we have llie highest tides: and 
these are precisely the sea!^olls wlien there is least ice at the two 
poles, and of course the greatest quantity of water in the ocean. 
At our autumnal cquiuox in September, the greatest part of Ilie 
ices of the north pole is melted, aod Iho^eof tlie south pole begin to 
dissolve. The tides in March rise higher than those in Sepieiuber, 
becBtise it is the end of summer to the south poles which cootaius 
much more ice than ours, and consequently sends a greater mass of 

valer to the ocean, 

• I shall say nothing {lie proceeds) of the intermitlcnce of Ihe polar 
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cffusioiH, which produce on oor coast two flaxes and two reflaxes 
nearly in the same time that the sun> making the circuit of the globe, 
alternately Iteats two continents and two oceans, that is, in the space 
of twenty»fbur hours, during which his mfluence twice acts aind is twice 
suspended ; nor shall I speak of the retardation, which is nearly three 
quarters of an hour every day, and which seems regulated by the 
different diameters of the polar cupola of ice, whose extremities^ 
melted by the sun, diminish and retire from us every day, and 
whose effusions must consequently require more time to reach the 
line, and to return from the line to ns. Nor shall I dwell oa tfie 
other relations these polar periods have to the phases of the moon, 
especially when she is at full ; for her rays possess an evaporatiiig 
beat, as the late experiments at Rome and Paris Ailly demonstrate; 
much less shall 1 involve myself in a discussion of the tideaof the 
south pole, which iu summer in the open sea come in vast sniges 
from the south and the south west« There are two tides every day; 
because the sun warms by turns, every twenty-four hours, the east 
and west side of the pole in fusion. Precisely the same tfkcf takes 
place in lakes situated in the vicinity of icy mountains, which have 
a flux and reflux in the day.time only. But if cannot be didubted 
that, if the sun warmed> during the night, tlie other side of these 
mountains, they would produce another flux and reflux ; and con* 
lequeutiy two tides in twenty hours, like the ocean. 

We are not to imagine that every tide is a polar effusion of the 
fmrticular day on which it happens, but an effect of the series of 
polar effusions ; so that the tide which takes place on our coasts 
to-day, is perhaps part of that which took place six weeks ago. 
But here, too, must we admire the harmony of nature : the even- 
ing and morniug tides take place on our coasts as if they issued that 
very day from the higher and lower part of our hemisphere ; and 
the tides of summer are precisely opposite to the tides of winter, as 
are the tides from whence they flow ; our evening tides in summer, 
and our morning tides in winter, being greatest. 

If the tides are stronger after the full moon, it is because that 
luminary nicreases by her heat the polar effusions, and consequently 
the quantity of water in the ocean. 

Let us now, continues M. St. Pierre, explain why the tides of the 
South sea do not resemble those of the Atlantic ocean. The irregular 
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•fiiisioni of liie |>ole9, not being narrowvd in llie southern hemisphere, 
as in aait, produce on llie sliures of lie Indian ocean and South les 
expansions vague uiid iitlemiilting. The son(h pole lia« not, like ihe 
oortb pnle, a double cotitineiit,whkhseparal«9 into two llie divergent 
effiisioiiB daily produced by the suti : it has no cliamirl in paaiing 
tbraughwliichitscflluxeashouUI be teliirded: its effusion saccordingijr 
fiew directly into the vast southern ocean, ronnini> on the hallof that 
pule M series of iliveTgent emattalions which perforin ibe tour of it 
io 21 hours, like the ray* of llie sun. When a bunille of tfiese effu- 
aious falls upon an island, it pro^luces there a tide of twelve houra, 
1, «. of the (Blue duration with that wliich the sun eniplnyg in heatiug 
the icy cttpola tbrongli which the meridian of tb<it inland passes; 
sncb are the tides of the islands of Otubeite, Massafuero, New 
Holland, New Britain, &c. : each of these tides lasts as long tn 
the course of the sua above tlie horizon, and is regular like ha 

In tlie norlhem part of tli« South sea the two continents ap. 
proBch : they pour therefore by turns, in summer, into the channel 
which separates them, the two semi-diurnal etiusions of iheir pole, 
and tliere thry collect by turns, in winter, those of llie aaulh [Mile, 
which produces two tides a day as in the Atlantic ocean. But a^ 
this chaimel about the 55' of N. lat. ceases to exist by ih? sudden 
divergence of the contineitts of Asia and America, those |]latei 
only situated in the point of divergence of the norlhern parts of 
these two coutiaents ejtperieiice two tides a day. Such are Ihe 
Sandwich Islands, Wliere such places are more exposeil to llie 
current of the one continent than the oilier, its two semi-diurual 
tides are unequal, as at the entrance of Nootka Sound : but when 
it is completely out of the influence of the oue, and entirely iiudet 
that of the otlmr, it receives only one tide of Iwclve hours every 
day, as at Kamschatka. Thus, two harbonrs may he situated in 
the same sea under the same parallel, and one of theni ha*e two 
tides, and the duration of these tides, whether double or single, 
double equal or double unequal, regular or retarded, is always 12 
hours every 34 boors, i. e. precisely the time the sun employs iu 
heating that half of llie polar cupola from whence they Hnw ; which 
^ cannot poasibly be referred to the unequal course of the sun be- 
Klireeu the tropics, and much lesi to lliai of the inooii, nliicU is 

^^^^^ i. 
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fipeciiitntly bat a few hoars abofe the horis<Ni of iudi baiboan* 
All isluidsare io the midtt of currents : on looking therefore at the 
•ooth pole with a bird's eye ▼ievr, we should see a sncoessien of 
archipelagos dispersed in a spiral line all the way to the noithen 
hemisphere, which indicates the current of the sea, just a» the pro- 
jeetioo of the two continents on the side of the north pole indi* 
catea the carrent of the Atlantic. Thus, the course of the aess 
ffooa one pole to the other is ui a spiral line round the ghibe» like 
the course of the sun from one tropic to the other : admitting 
therefore the alternate fusion of the polar ices, all the phsenoment 
of the tides and currents of the ocean may be explained with tht 
greatest facility. 

I have then established by facts sunple, dear, and munerons, the 
disagreement of the tides in most seas with the moon's action on the 
equator, and their perfect coincidence with the sun's action on the 
polar ices. 

I have no doubt various olyections may be urged against this 
hasty e&phmation of the course of the tides, &c. But these pby* 
sical causes present themselves with a higher degree of probabitity» 
simplicity, and conformity to the general progress of nature, than 
the astronomical causes by which it is attempted to eiiplain them. 

Thus far St. Pierte, who complains that the prejudices of man- 
kind are so strong in favour of received opinions, that he cannot 
obtain a bearing. 

> To the best of my judgment I have ofTered a fair and candid 
exposition of a hypothesis which he has dressed up with some elo- 
quence and mucli declamation, and ushered into the world with a 
solemn and imposing air of confidence and assurance, tolerably well 
calculated to confound the ignorance and candour of his readers. 
I am not conscious of having omitted any material fact or argument 
which tends to the support and elucidation of his theory ; I have 
neglected much absurd reasoning, yet not without retaining some 
curious specimens. 1 did once intetld to have entered into a general 
examination of his principles and reasoning ; to have shown the fal. 
lacy of the former, the inconclusiveness and inconsistency of the 
latter; but I shall now be satisfied with offering a few facts and 
observations extracted from the second and third voyage of Cap. 
tain Cook, which appear to me decbive of the questioiK 
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Captain Cook, who spent three summers as near as tlie ice would 
i>periiiit his approacii towards the south pole, fouiiJ ou December 
14, 1772> and from that dule to the beginning of Jnnuary 1773, 
Id latilude from 55" to 6V south, a vast compact bodjr of ice which 
prevented his further progress. The thermometer varied from 30* 
to 35°. Being immersed lOU futhoni deep for about 30 mitiulei, 
it came up 34° ; and on the I3th of Jimuary 1774, on n repetiliun 
of thia ckperimeiil, the open air being 3(i*, the surface of the htb 
S3|°, llie Ihenuometer came up 33°. They found water generally 
freeie at 33''* " We certainly h»d no Ihaw, (says he,} the incr- 
cur; keeping usually below the freezing pohil. Being near an iilanil 
of ice (December 24, 1772) 50 feet high and 400 fathom iu circuit, 
I sent the master in the Jolly boat to see if any water ran from it. 
He soon relumed uilh an account (here was not one drop, or any 
other appearances of thaw," And in the summer of 1774— 7j 
bis experience was nearly similar. Ou the I3lh of February 177A, 
llie thermoineler i>tood at Q^. In his third voyage to the norllt> ' 
west coast of America, ou the )7th of August 177a, in lat, 
JCf 44', they were slopped by b field of ice 10 or 12 feel high, at 
compact as a wall; " furllier north it appeared much liiglier; her4 
and there we saw upon it pool* of water ; we tried but fouud no 
current. July?, 1779, lat. Gg^; stopped by a large field of ic^ 
presenting a great extent of solid and compact surfuce not JB tli* 
■mallest degree thawed : the thermometer stood ut 31'." 

'' As far as our experience went, the sea if clearer of ico in Au- 

[ gust than iu July, aud perhaps it may be still freer in u part uf 

LSeplember: We tried the currents, aud found Ihem never iu c\. 

pteed a mile an hour; we found the month of July infmitely cohkr 

klhaa August: the thermometer in July was oiic« 2S", and very 

Lcominonly 30 ; whereas it was sddom as low as the frecziitg point 

n Au^st." 

<* I am of opinion (aays Cnplatn Cook) that Ihc lun coiilrlbulci 

y Ktlle towards reducing these vast masses of ice ; for, although 

that luminary is a considerable time above the hotiion. It selduui 

e than a few hours at,a lime, and often is not seen 

lor several da.\s in succession. It is the wind, or rather the wavet 

raised by the wind, ih;it reduces the bulk of the!<e enormuus maswi, 

!hy grinding one piece against another, and by undermining and 

g away those pails ihat lie exposed to the surge; and mora 
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iee may be destroyed in one stormy season than is formed in sefend 
winters^ and its aceumulatioA thus prevented.* 

Tfiis evidence clearly proves that the sun's infloeuce at the poles, 
•o far from being equal to produce a constant and aniform effect, 
creating an impulse extending its effect to tlie remotest parts of our 
globe, and a daily elevation of several feet to the waters of the 
ocean* is not sufficient in the hottest period of summer to diffhse 
a sensible thaw; and thus we are convinced that a few plain and 
simple facts are of much greater avail than a multitude of fanciful 
coojectores. 

IPhil. Mag. FoLYUh] 

SBCTfON VII. 

Currenitf Gulph^sireamSy and Temperaiurc qf the Sea. 

Besides the common and periodical tides described and ex. 
plained in the preceding section, a variety of local currents are 
frequently met with in different seas, on different parts of the ocean, 
for the most part not far from land. These are usually and per- 
haps correctly ascribed to particular winds, but they do not always 
appear to issue from this cause, nor is it easy to ascertain their 
origin ; oecasionally indeed they have been traced below the surface 
of the water, running in a contrary direction to the stratum of 
water above, and in such cases undoubtedly the result of something 
very different from winds or monsoons. This last has often been 
ascribed, and at times, perhaps, correctly, to the immense masses of 
polar ice, producing a greater degree of cold in the under than in 
the upper water : whence Count Rumford suspects there is an under 
current of cold water flowing perpetually from the poles towards 
the equator, even where the superior water flows from the equator 
towards the poles; and he thus endeavours to account for the great 
inferiority of temperature which is frequently found in deep and 
superficial soundings of the same space of water. 

The following ingenious article inserted in the Philosophical 
Transactions for 1684, by Dr. Smith, furnishes us with various in- 
stances of under-currents, and at the same time accounts for them 
upon a different principle. 

•' In the Offing, between the North and South Foreland, it runs 
4ide and half tide, that is^ it is either ebbing water or flood on the 
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sliore, in that part of the Downs three hoars, which isj grossly 
speaking, the time of half a tide^ before it is so off at sea. The 
reelson of this diversity of tides 1 take to be from the meeting of 
the two seas in that narrow strait. Often when the wind has blown 
hard at N. £. or at W. or W. and by S. there has happened an alter- 
ation of the tides in the Thames, which ignorant people have mis^. 
takingly reckoned a prodigy. And, it is a most certain observation^ 
that where it flows tide and half tide, though the tide of flood mtis 
aloft, yet the tide of ebb runs under foot, that is, close by the 
ground; and so at the tide of ebb, it will flow under foot. 

'' Now, as to the Straits^ there is a vast draught of water poured 
continually out of the Atlantic into the Mediterranean : the month 
or entrance of which between Cape Spartel or Sprat, as the seamen 
call it, and *Cape Trafalgar, may be near seven leagues wide, the 
current setting strong into it, and not losing its force till it runs as 
ftr as Malaga, which is about 20 leagues within the Straits. By the 
benefit of this current, though the wind be contrary, if it does not 
overblow, ships easily turn into the Gut, as they term the narrow 
passage, which is about 20 miles in length. At the effd of which 
are two towns, Gibraltar on the coast of Spain, which gives deno* 
mination to the strait, and Ceuta on the Barbary coast ; at which 
places Hercules is supposed to havie set up his pillars* What be* 
comes of this great quantity of water poured in this way, and of 
that which runs from the Euxine into the Bosphorus and Propontis, 
and carried at iast through the Hellespont into the JEgcan or Archi- 
pelago, is a curious speculation, and has exercised the ingenuity of 
philosophers and navigators. For there is no sensible rising of the 
water all along the Barbary coast, even down to Alexandria, the 
land beyond Tripoli, and that of Eqypt l^ing very low, and easily 
to be overflowed. They observe, indeed, that the water rises three 
feet or three feet and \ in the gulf of Venice, and as much, or very 
near as much, all along the river of Genoa, as far as the river Arno; 
but this ratlier adds to the wonder. 

** I here omit to speak at large of the several h}pothe»e4 whirli 
have been invented to solve this difliculty ; such as Mibterranfon* 
vents, cavities, and indraughts, exhalations by fh'* <iiifi-tii'anis, tli^* 
running out of the wafer on the African side, ai» if th«*re wrr a kind 
of circular motion of tlie i\at<!r, and that it mity flow^^il in ujion tfi** 
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Chrbtian sli ore, which latter 1 consider as a mere fancy, and een^ 
trary to all observalion. 

" My conjecture is, tlmt fherc is an under-current, by which is 
great a quantity of water is carried out as comes flowing in, Tc 
confirm which, besides what I have said above about the difference 
of tides in the ofling, and at the shore in the Downs, which neoes* 
sarily supposes an under«current, I shall present you with an instSDce 
of tlie like nature in the Baltic sound, as I received it from an able 
seaman, who was at the making of the trial. He told me, that 
being there in one of the king's frigates, they went with their piiu 
nace hito the mid stream, and were carried violently by the currest; 
that soon after they sunk a bucket with a large cannon ball, to a 
certain depth of water, which gave check to the boat's motion, and 
sinking it still lower and lower, the boat was driven ahead to wind. 
ward against the upper current : the current aloft, as he added, not 
being four or five fathom deep, and that the lower tbe bucket wis 
let fall, they found the under current the stronger."* 

Of upper currents^ Mr. Rennell has particularly described a ntj 
singular one often prevailing to the west%v'ard of Scitty, and dan* 
gerous to ships that approach the British Channel *. They are, 
bowevelr, more frequently met with about the Straits of Gibraltai^ 
and near the Antilles. These latter are especially worthy of natice, 
and are thus described and accounted for by Dr. Peysennel t* 

The coasts of these American islands are subject to counter- 
tides, or extraordinary currents, which render it very dangerous to 
chaloupes and other small crafl to land ; while at the same time 
the boats and ships in the roads are scarcely ever sensible of them, 
and seldom incommoded by tliem ; nor do those who are out at 
sea appear to be aftected by them. It is however certain that a 
regular wind constantly blows, in these parts of the torrid zone, 
from the tropic of Cancer, to the equinoctial line, from tlie east; 
inclining sometimes northward, and sometimes southward. Thii 
wind is called alize, or trade-vvind, for reasons admitted by philo- 
sophers, and it draws the water westward, giving a total and unu 
form course to that immense quantity, which comes from the great 
river of the Amazons, and from an infinite jnumber of other riven, 
which discharge themselves into the ocean. These currents passing 
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tn tlie westward <;o up to the American islands, then to the coasts 
of Jucalan and Mexico, and running round in the gulf, return into 
the great ocean, by the straits of Bahama, along the coasts of Flo- 
rida, in onler to pursue, in the north, the course ordahied tliein 
by the Supreme Being. It is in this course the waters are known 
to run with an extraordinary rapidity : they pass between the great 
aqd little islands of America, in the great deeps, by an almost 
even and imperceptible motion; but against the shores and coasts 
of these islands, which form this archipelago^ these currents are 
very sensible and dangerous ; they interrupt the navigation, inso. 
mucJi that it is scarcely possible to stem these tides to get to the 
eastward. 

It often happens, that vessels steering from St. Domingo, or the 
other Leeward islands, to the windward ones, cannot absolutely ac* 
complish it, and are therefore obliged to get out of the channel, 
aiid steer away to the northward^ in order to tack up to the wind- 
ward isles. These are daily observations, and well known to all 
navigators of America. 

Besides these regular currents, there are others^ called counter. 
tides, which are observable on the sea-coasts and shores. In places 
where these flow, the sea rises in an extraordinary manner, becom- 
ing very furious without any apparent cause, and without being 
moved by any wind ; the waves rise and open very high, and break 
against the shore, with such violence, that it is impossible for ves- 
sels to land. These he thinks are chiefly caused by the pressure of 
heavy black clouds sometimes seen hanging over an iaiand or the 
sea. As to other curren'.s in the main seas, or in other particular 
situations, as the gut and the coasts of the Mediterranean, Dr. Pey. 
sennel ascribes them to the action of the winds, &c. 

The most extraordinary current we are acquainted with is that of 
the gulf of Florida, incidentally glanced at above. It is thus de- 
scribed by Sir Charles Blagden '*'• 

One of the most remarkable facts observed in navigating the 
oceanj is that constant and rapid current whicU sets along the coast 
of North America to the northward and eastward, and is-commonly 
known to seamen by the name of the gulf.streara. It seems justly 
attributed to the efiect of the trade-winds, which, blowing from the 
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ibB^ntGvifflfMesinw cave there an Meii« 
kid •£ tbe SOI ; in coBK«pnoc of 
•«! bj tke chinTl wboe k fiMb 
thtf ■, tibriM^ tke'oab' of Florida^ with sudi 
tfRsm to a WTf gveot dislaBoe. Since 
all dapt gOBii^ ffoai Emnpt to aair of tke sontiicni pto t i a tc f cf 
Xofflh AaKrka aait cnw tfak carreat* aad mie nKitoally afe cfcd 
I15 it ■ tkeir coanr, efcrj nrfaantiarr of iti BK>tioo bgco t i m 
ob ject Ufhhr ialcmtiag to the leiwin, as well as of great eniioety 
to the pluiofopher. 

Doriog a ^"ojage to America io the sfaiig of the jtmr IffS, 
Sir Charles oscd freqaeotlj to exannie the heat of sea-arater aewij 
draini, ia order to coaipare it with that of the air« The pasa^ 
was Bude fv to the soathwaid. Ia this sitoatioii, the greatest belt 
of theaatcr vhkh heolnerred wassoch asraired theqoi^siher 
ia Fahreahcit's themioaieter to 77^. This hap pe ii ad twice : tlie 
fint tinwoB tbe 10th of April, ia failitBde2l^ ](/ N. and ka^ilade 
bj reckooing 5^ W. ; aad the 2d tiaie 3 days afterwaids, ia hti- 
tode 22<^ r aad loi^itode 55"; bat in geaeial the licat of the set 
aear the tropic of Ctocer about the middle of Aprfl tras firom 7^ 

The rendezroiis appointed for the fleet being off Cqie Fear> iUc 
course, oo approaching the Aroetican coast, became nortii west, 
ward. On the esd of April the beat of the sea was 74*. the hti^ 
tode at noon OS* J^ N. Next day the heat was only 71®, then i« 
latitude ^ I9f; the heat of the water, therefore* was now lessou 
ing very fast in proportion to the change of latitude. The 25tli 
the latitude was ai"" 3'; but though they had thus gone almost ^ 
farther to the northward, the heat of the sea was thb day rathet 
increased, it being 72^ in the mommg, and 7^i in the eredog. 
Next i\2Ly, the 26th of April, at half after 8 in the morning, tiie 
thermometer rose to 78**; higher than he had ever observed it,eTai 
within the tropic. As the difierence was too great to be imputed to 
any accidental variation. Sir C. Blagden immediately conceived that 
they must have come mto the gulf«stream, the water of which still re- 
tained great part of the lieat that it had acquired in the torrid zone. 
This idea was confirmed by the subsequent regular and quick dimi- 
nution of the heat: the ship's run for a quarter of an hour had les* 
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^^■ned it 2* ; lite )hermc»nfl«r at 5f' bfing niml by lea.nlcf fmfa 
PVnnn only to 76°; b^ 9 tbe Lest ms mluced to 79'. aud in } of 
an bour more, to 71° neatly: all this time tbe witid blew frak, 
and they were going 7 knots sn boat on a noitluwesltni conne. 
Tbe WHier now began to lose the fine iraniparent blue colour of Uic 
oceen, and lo assume soinelhiDg of a greenish elite tinge, a well- 
known indication of souudiogs. Accordingly, between 4 and 5 » 
the afternoon ground was struck with lli« lead at the deplb of 80 
falbonis, iJie Iicat of (lie sea being tlien reduceit lo Cg". In tbe 
course of tlie following nigbt and nest day, a$ tbey came into shal- 
lower iVRler and nearer tbe laud, tbe (cmperatnre of the sea 
gradually sunk to 65", whirli »as nearly that of the air at tiw 
time. 

Bad weather an the 26lti prevented them from taking an obser. 
vation of the sun ; but on the 27lh, though it was llicn cloudy at 
noon, tliey calcuUted Ihe latitiidt: from 3 aliitudes, and found it 
to be 33" 2[>' N. Tbe itifTerence of ibis latitude from Ihat whicb 
was observed on llie 2Jt)), being 2* 23', was so much greater than 
could be deduced from ilie sliip's run marked in ihe log.book, as la 
convince the seamen thai tliey had been set many miles lotbe notlb. 
ward by the current. 

From these observations, the writer thbks it may be concluded, 
that the gulf-slream, about the 33d degree of norlh latitude, and 
llie 76lh degree of longitude west of Greenwich, is. in the month 
of April, at least 6 degrees bolter than the water ol Uie sea through 
ivhich it runs. As the beat of the seu wnler evidently began to iii' 
crease id the evening of the 3Slb, and a^ the observations ihow Ihat 
tfiey were getting out of the current when be first tried the heat in 
the mnmiiig of the S6lh, it is most probable that the ship's run 
during the uighl is nearly llie breadth of ilie stream measured ob< 
liquely across ; thai, as it blew a fresh breeze, could not be niticli 
less than SS leagues in \h hours, the distance of time between the 
two observations of the heal, and Itcnce ihe breadth of the stream 
nay be estimaled at SO leagues. Tlic breadth of the Gulf of I'lo- 
tida, which evidently bounds the stream at its origin, appeHrn bjr 
tbe charts to be 2 or 3 miles less Ihaa this, excluding the rocks and 
taud-banks which surround the Bahama Islands, and the ihalliiw 
water that extenda to a considerable distance from the couit of 
Florida; and Ihe correspondence of thew jneasurci n very rvumrlu 
3 A 3 
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iMce tiie strean, irnoi veil kaovB principles of h^dntlics^ 
frvisftiH bcccsn^ viiicr as it se:s to a greater ftbtaoce boB 
tW cltaBBel b% wLacii it luoes. 

We hove o6?«ne2, ti^at wiiere t! ere k an under current, it has 
in rrjtity ca»e§ L«ea initcM} cr'C'ier :tiafi the upper ; or father tbit ib 
a .«*cr carrea: kaj cs't«b btea cottj^rtarcd to exbt, from this dr. 
C'A^i staace. 1>:bs i.u loo*. 31, ic U:. 6y« when tbe temperature of 
t^^ arscMpi-efe, u:«l ot the swrtace ol the sea, was 59| Fahreo. 
Lp>r:i Mu'srare tcmad that tbc water at the depth of 403S feet, auk 
the Tl^rconieter to 3^. Aod at the tropi<^ where the difiereare 
el Ka^Bs Le^er produces a difference 4>f more thaii five or six de« 
frc€s be TartatN^a between the beat of the wmterat the surface of 
the j€2j asd iluz at the depth of 36CO feet, has been found to 
amourt to col icis than 51% the sopeiior temperature tMMemm^ 
S4\ anJ that below not BMMe than 43*. 

It is a cori^as fact, hon^ier, that in the northern leaa^ where «e 
ihooid npect this tlifl^rence to take place with tbe greatest pre 
ctsBoo, it esLibits the fiealest luicertainty, the lower water being 
scHDetimcs wanner and M>nief ibms colder. In prcM>f of this we iih 
aert the followii^ result of tbe trials made bj Charles DoogkHk 
Esq. of bis 3Iajest\*s ship the Emerald, in the year 1769, off tk 
cna^s of Ncr^ay and Lapiand, as thrown into a tabular formbj 
I}r, Tbooisoo. 
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45 


75 



Tbe experiments were made by letting down the tbemiometef 
enclosed in a tin cylinder filled with water^ and letting it reman it 
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the bottom for half an hour. It was sunk by means of the deep 
sca.soundiDg lead K >^<r^' 

££ditob. 



SECTION VIIU 



On the Motion of Waves ^ and the Effects of OH in quieting them. 

It will easily be conceived that the waves rise higher or lower^ 
HGCording to the power of the o)i<;inal moving force; for the more 
water is displaced by that force, the greater quantity of it musfbe 
elevated above the usual level ; and of course tlie l>readth of tlie 
waves is likewise greater. 

It seems to be pretty well determined from a variety of experi. 
ments and observations^ that the utmost force of the wind cannot 
penetrate a great way into the water; and that in great storms the 
water of the sea is slightly agitated at the depth of 20 feet below 
the usual leveU and probably not moved at all at the depth of 30 
feet or live fathoms f . Hierefore the actual displacing of the , 
water by the wind cannot be supposed to reach nearV^^ so low ; hence 
it should seem that the greatest waves could not be so very higti as 
they are often represented by accurate and creditable navigators. 
But it must be observed that in storms^ waves increase to ah enor- 
mous size from the accumulation of waves upon waves ; for as the 
wind is continually blowing, its miction will raise a wave upon another 
wave, and a third waVe upon a second^ in tlie same manner as it 
raises a wave npou the flat suiface of the water. In fact, at sea, a 
variety of waves of different sizes are frequently seen one upon the 
other, especially whilst the wind is actually blowing. And when it 
blows fresh, the waves, not moving sufficiently quick, their tops^ 
which are thinner and lighter, are impelled forward, are broken, 
and turned into a white foam, particles of which, called the spray y 
are carried a vast way. 

Waves are circular, or straight, or otherwise benrt, according as 
the original impression is made in a narrow space nearly circular, or 
in a straight line, or in other configurations. In open seas the waves 

• Phil. Trans. 1770. Vol. Ix. p. 99. 

+ Boyle's work^ folio eOitioiiy vok "* about the bottom of the 

«ca; secttiii. , 
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gmtnUhr are iB tbe shape of stra^bt lyrrovs, because tbe aind 
blows opoo tbe water io a parallel maooer, at least for a knig ap- 
paicnt tract* 

Wben tbe water receives sereral impolses at tbe same time, but 
ia diflereot places^ tbea tbe waves wbich proceed from those placet 
must neccsfiuily cross each other.— By this crossiiig the wares do 
■oC distarb each other; bat thej follow their proper direetioDi^ bj 
passiog ooe upoo the other. Thus if two stones t>e thrown upoi 
tbe sarfoce of stagnaot water uearlj at tbe same time> batata 
little distaooe from each other ; the circular waves wbich proceed 
from those places will be clearly perceived to cross each other, and 
to follow their peculiar courses. The reason of which is, that die 
fluae cause which produces the alternate rising and falling of Ik 
water upon the surface of otherwise stagnant water, must opente 
in tbe same manner, and must produce the like effect on the suifiue 
of another wave. 

When a wave meets with an obstacle which is straight and pff' 
pendicular, such as a wall^ or a steep bank, then the ware ii 
reflected by ir, and the shape of the reflected or retrogade waic^ 
i s the reveise of what it would have been on the other ade ef 
the obstacle, had the obstacle not exiitted : For the middle part rf 
the curvature must naturally meet the obstacle^ and must be ic. 
fleeted by it first. And since waves will cross without obstradi^ 
each other, the reflected waves will proceed from tbe obstacle, aid 
will expand all round, &c. 

When the bank or obstacle is inclined to the horizon, as is ff^ 
quently the case on tbe shores of the sea ; then the reflection of tk 
waves b disturbed, and it is often absolutely destroyed by thefe* 
tion of tbe water upon tbe ground. 

If the obstacle -be such as to reflect a part only of the wave, sidt 
as a stone or a post, which is surrounded by the water ; theo tk 
wave will be partly reflected in shapes and directions which <fifc 
according to the form and sizeof the obstacle, whilst the rest of tk 
wave will proceed in its original direction. 

When a hole in an obstacle permits part only of a wave toga. 
through, then circular waves will be formed on the other sideoftki 
obstacle, whose centre is the hole ; for in fact those waves oM 
their origin to tbe motion of tbe water in that place only. 




OF WAVES. 

The same causes iilikli jnhe wnler inlo waves, iimsl evidently 
produce I lit; like effect on other Huidi, but in difterent degrees, bc> 
cording us the fluid is more or less heavy, as its particles adhere 
more or less I'orcjbly tu each other, and probably likewise according 
as there is a greiiier or less degree of attraction between the £uid 
and the other body, wiiich gives it the impulae. 

Wlien a stone or other heavy body is dropped on the surface of 

oil, the waves arc uot nearly so high, nor so quick, neither do tbejr 

fipread so far as the waves of water. This edect is evidently owing 

I Uie clamminess, or great degree of adhesiou between the particles 

■ the uil. 

If the waves upon oil be attempted to be raised by the force of 
ind, it will be found very dil&cuit tu succeed even hi a moderate 
tgree. This difficulty is, in a great measure, owing to the attract 
an between the particles of oil ; but besides this, there may be 
IS altractioQ between oil and air, than between the lutler and 
iter; for water always contains a certain quantity of air; and if 
be deprived of that air by means of boiling or otherwise, a short 

iBuro to the atmosphere will enable the water to reiiiibibe it 

It is bkewise probable, that the surface of water, even when 

ignaut, may uut he so smooth as the surface of oil ; so that tlis 

wind may more easily catch juto the inequalities of the former than 

uf the latter. 

It is remarkable that the effect of the wind upon water may, in a 

great measure, be prevented or moderated, by spreading a thin 

m of oil on the surface of the water. 

Ho great quantity of oil is required for this purpose; for, though 

•il be very dummy and adhesive to almost all other bodies ; yet 

irlien dropped upon water, it will instantly spread and extend itself 

•ei a vast surface of water ; and it will even drive sniall floating 

>dies out of its way, acquiring, as it seems, a repulsive property 

noiigst its own particles. 

This repulsion may be shewn in the foUowiag amusing manner t 

til aUgiit shaving of wood, or of paper, io the fomi of a eonitna, 

near it with oil, tlien place il upon the surface of a pielty largi 

piece of smooth water; and the bit of wood or pa|>er will h« Mteo 

to turn round in a direction contrary to that ut thf point, whicb )• 

4Kca9ioiiedby the stream of oily |iarlicles issuiog fium the puliil, inil 
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spreading themselves over the surface of the water. This experi- 
meot will not succeed in d bason or otlier small vessel full of water, 
wherein the |>articie8 of oil have not room enough to expand them- 
selves. 

If a heavy body be dropped on the surface of water which bthos 
covered with a film of oil, the waves will take place iu the same 
manner as if there were no oil. But the blowing of the wind will 
have little or no effect upon it. In this case the oil seems to act be- 
tweea water and air, In the same manner as it acts between the mov- 
ing parts of mechanical engines; vis. it lubricates the parts, and 
renders the motion free and easy. 

But whether this be the real explanation or not, the fact is not 
less true than surprising ; and a very useful conseqaence has been 
derived from it, namely, a method of stilling the waves of the sea is 
certain cases. , 

It is expressly mentioned by Plutarch * and Pliny f , that the sea- 
men of their times used to still the waves iu a storm, by pouring oil 
into the sea. But since the revival of learning, though several ob- 
servations relative to it are to be found in accounts of voyages, &c 
yet I do not know that any notice has been taken of tliis account by 
any philosophical writer, previous to the late celebrated Dr. Franb 
lin, who collected several accounts relative to the subject, and made 
a variety of experiments upon it, the sum of which is as follows |. 

A small quantity of oil, for instauce, a quarter of "an ounce, will 
spread itself quickly and forcibly upon the vyater of a pond or lake, 
to the extent of more than an acre ; and if poured on the windward 
Side, the water will thereby be rendered quite smooth as far as tlie 
film of oil extends, whilst the rest of the pond may be quite rough, 
from the action of the wind. 

If the oil be poured on tlie leeward side, then the force of the 
wind will, in a great measure, drive it towards the bank. Besides 
which, the experiment is frustrated by the waves coming to that side 
already formed ; for the princif»al operation of the oil upon water is, 
as it seems, 1st. to prevent the raising of new waves by the )iviod; 

• Quiest. Nat. f Hist. Nat. lib. ii. c. 103. 

X See his paper on the stilling of waives by means of oil, io the Phil. Tran. 
vol. Uiv. or in his Miscellaneous Papers, 
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and 2dly. to prevent its driving those which are already raised with 
so much force, as it would if their surface were not oiled. 

Such experiments at sea are evidently attended with a great many 
difficulties ; but in particular cases essential advantages may be <le. 
rived from the use of oil> and several instances of its having been of 
very great service, are recorded *. " We might," says Dr. Franklin, 
*' totally suppress the waves in any required place, if we could come 
at the windward place, where they take their rise. This in the 
ocean can seldom, if ever, be done. But, perhaps, something may 
be done on particular occasions, to moderate the violence of the 
waves, when we are in the midst of them, and prevent their break- 
ing, where that would be inconvenient. 

** For when the wind blows fresh, there are continually rising oa 
the back of every great wave, a number of small ones, which roughen 
its surface, and give \he wind hold, as it were, to push it with greater 
force. This hold is diminished by preventing the generation of those 
small ones. And possibly too, when a wave's surface is oiled, the 
wind, in passing over it, may rather in some degree press it dowo, 
and contribute to prevent its rising again, instead of promoting it.'' 

Light, volatile, or etherial oils, like etiier, spirit of turpentine, &cc» 

do not possess the same property as fat oils, such as olive oil, lin* 

seed, rape-seed oil, train oil, Sec, 

[Caxallo. Nat. Hist. 

* Mr. Teog;nagel, in a letter to Count Bentinck, dated Batavia, January 
the 5th, 1770, says, " Near the Inlands Paul and Amsterdam, we met with a 
storm which had nothing particular in it worthy of being communicated to yon, 
, except that the Captain found himself obliged, for greater gafety in wearing 
the ship, to poor oil into the sea, to prevent the waves breaking over her, 
which had an excellent effect^ and succeeded in preserving us/' Phil. Traut 
vol. Ixiv. p. 456. 

It has been remarked in Rhode Island, that the harbour of Newport is ever 
smooth whilst any whaling vessels are in it ; which Is, in all probability, omti^ 
to the fish-oil that may come out of them. 

It is said to be a practice with the fishermen of Lisbos, when abont to return 
into the river (if they tee before them too great a surf upon the bar, which 
they apprehend might fill their l>oats in passing) to empty a bottle or twoDf 
oil into the sea, which will suppress the breakers, and allow them to pass safely. 

In various parts of thf coast of the Mediterranean, and elsewhere, it is a 
practice of the fishermen, to sprinkle a little oil upon the water, which smootbt 
the surface of the water that is mflled by the wind, and thus enables them to see 
and to strike the fisli. 
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•ECTI09 IX. 

On ike force of ike Rudder^ amd the mmnner in ukich U Mcis; 

The force bj which the rodder of m ship nakcs her more io 
wmy dircclioD, at plcsMre, tjuikt* no tmall degree of istonhmnt; 
npcciallj when we consider the weak actioo of the eooimoa* md. 
dert with which some of the harges that oafigate oar rivers tnd 
canalfl are fomisbed. The caose of tliis phe nomeooD we shall here 
cndeatowr to explain and illostrate* 

The rodder of a barge or Tcssel has no action unless impelled bj 
the water. It is the force resulting from this impulse, which bciog 
applied in a direction transversal to the poop, tends to make the 
vesKi torn around a point of its mass, called the spontaneons centre 
of rotation. The prow of the vessel describes around this point ao 
are of a circle, in a directbn opposite Io that described by the 
poop ; hence it follows that the prow of the vessel turns towards 
that side to which the rudder is turned, conseqnently opposite to 
that side towards which the tiller or lever of the rudder b moved. 
Henee, when the tiller is moved to the starboard side» the vessel 
tuns towards the larboard, and vice versa, 

A force, and even a certain degree of intensitj, must tbereftn 
be applied to the rudder to make the vessel turn; and on this 
account the constroction of the vessel is so contrived, as to iiicreare 
this force as much as possible ; for while the barges which narigate 
■our rivers are io general very broad behind, and screen as we may 
say the rudder, so that the water flowing along their sides can 
scarcely touch it, tlie stera of vesseb intended for sea are mads 
narrow and slender, so that the water flowing along their sides nnut 
necessarily strike against the rudder, if in the least moved from the 
direction of the keel. Let us therefore endeavour to estimate nearly 
the force which results from this impulse. 

A vessel of 900 tons, when fully laden, draws 13 or 14 feet of 
water, and its rudder is about two feet in breadth. Let us noir 
suppose that the vessel moves with the velocity of two leagues per 
hour, which makes 17^ yards per inkiute, or about nine feet per 
second ; if the rudder be turned in such a manner as to make with 
the keel a continued angle of 30 degrees, the water flowiog along 
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Ittx sides of the vessel will imp«l (lie nidder under (lie same angle. 
Hint b 30 degrees. The pari oi' the rudder under water being 14 
fleet in length and two in brendtli, presents a surface of 2S square 
feet, impelled at an angle nf 30 degrees, by a body of water Howiii j 
willi the velocity of nine feet per secoud. Dut the uction of such a 
current, if it impelled a similar surface in a perpemliciiliir direclion, 
would be 2205 pounds, which must be reduced iu ihe ratioof tlie 
square of the sine of incidence to that of radius, or iu tbe ratio ^ to 
one, siuce llie sine of 30 degrees is ^, radius being one. Tlie efiort 
Ifaerefcire of lite water will be 551 pouuda. Sucli is the force exer> 
cised perpendicnlarly on the rudder; and to find tljc quantity of 
this force that acts in a direction per|>endiculur to tlie keel, and 
which innkes the vessel turn, nolldng is necessary but to multiply 
tbe preceding effort by the cosine of the ^ngis of incliiintion of the 
rudder to the keel, which iu this case is v'| or 0866, which will 
give 477 pounds. 

The above compulation is made on the old supposition, that tlw 
force of the water is diminished iu proportion as the square of tbe 
une of the iucident angle is less than tbe sijuare of the radius. BuT, 
by more accurate experiments it is found (Dr. Hutton's Malli, and 
Pbtlos, Dictionary, Tab. 3, Resistance), tbat at an nugle of SO de< 
gree^ the absolute farce is diniiiUi^hed only in the ratio of 8W to 
SJS: hence then, ihc whole force 3205 pounds, reduced in Ibii 
ratio, ronies out f30 pounds, for the eS'eclive or perpendicular 

Jiiorcc on the rudder, to Itira it or iodeed Ihe ship about, supposwg 
tbe rudder held or lixed firm in tbat po»lion. 
But tliere is one cause which renders titis effort more constder- 
aible : the water which Sows along the hides of ihe vct^l does not 
move h a direction (Htrallel to tlie keel, but nearly parallel to the 
■ides themselves, wbicb lertninate in a sort of angle at the stem* 
post, or piece of limber which supports the hinges of tlie rudder; 
«o that tills water bears more directly on Ihe rudder by an angle of ' 
about 30 degrees; hence, in the above case, the angle under wliieli 
the water impels the rudder will be nearly CO degrees : w<- mint 
therefore muke this proporllun, as the aquare of ndiui i* In tin 1 
•quare of the sine of 60 degrees, or as one i* to } ; so i> t-2Qi tff ' 
1^53. The force therefore which acts in a dirrcliun popfodiculiir j 
\ to the keel, is 10^3 pomith. Or, by ibe table ia tlie Dtctkntnfy 
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above quoted, as 840 is to 729 (for 60% so is 2205 to igi3 pounds^ 
the perpendicular force. 

This eflbrt ^^\\\ no doubt appear very inconsiderable when com. 
pared with the effect it produces, which is to turn a mass of 900 
tons ; hut it must be observed that this effort is applied at a very 
great distance from the point of rotation and from the vessel's centre 
of gravity ; for this centre is a little beyond the middle of the vessel 
towards tuc prow, as the anterior part swells out, while the poste- 
rior tapers towards the lower works in order that the action of the 
rudder may not be interrupted. On the other hand, it can be 
shewn that what is called the spontaneous centre of rotation, the 
point round which the vessel turns, b also a little beyond the mid- 
dle and towards the prow ; hence it follows, that the effort applied 
at the extremity of the keel, towards the stem, acts to inove the 
vessel's centre of gravity, by an arm of a lever 12 or 15 times as 
long as that by which this centre of gravity, where the weight of the 
vessel b supposed to be united^ exerts its action. And lastly, there 
is no comparison between the action exercised by this weight when 
floating in water, and that which it would exert if it were required 
to raise it only one line. It needs therefore excite no surprise^ that 
the weight of one ton, applied with this advantage, should make 
the vessel's centre of gravity revolve around its centre of rotation. 

if the ship, instead of going at the rate of two leagues per hour 
sails at the rale of three, the forre applied to the rudder will he to 
that applied in the former case, in the ratio of nine to four; conse* 
quently, if tiie position of* the rudder be as above supposed, the 
actual force will be 3719 pounds, or rather 4304 pouuds: if (be 
vjjlocity of tlie vessel were four leagues per hour, this force, iu the 
same position of the rudder, would be four times as much as at 
first, or 66 1 2 pounds, or rather 7652 pounds. 

Hence it is evident why a vessel, when moving with rapidity, is 
more sensible to the action of the helm; for when the velocity is 
double, the action is quadrupled ; this action then follows the 
square or duplicate ratio of the velocity. 

If the water moves in a direction parallel to the keel when it 
impels the rudder, it will be found that this angle ought to be 54 
degrees 41 minutes j but, as already observed, the water is carried 
along in an angular manner towards the direction of the keel ecu. 
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tinned ; which rendeTs the problefa n»oT« diAicolt. If we suppose 
this angle to be 15 de^^reec, wbkli Boa^uer coo^der! as neir the 
truth, it will be fomid that the angle in qoestioa ought to be 4^ 
degrees 40 mlnntes. 

Ships do not lecei^w the w bole benefit of this force ; fc^r the 
length of the tiller does not peimit the helm to form with the ked 
an angle of more than SO degrees. 

[//ifWon. Monfvda^s (hanam,^ 



SECTION X, 

On the Vciocii^ of a Vtael compared Kith that of the Wind. 

A VESSEL can nerer acquire a velocity grrater than, or even 
equal to, that of the wind, when in a direct course, or when ^lie is 
sailing before the wind ; for besides that in this case a }>art of the 
sails injure or intercept the rest, it is ei^ident thai ii'th..' vessel should 
by any means acquire a velocify equal to that of the wind, it would 
no longer receive from it any impulse ; its velocity then would beghi 
to slacken in consequence of the resistance of the water, until the 
wind should make an impression on the sails equal to that resist, 
ance, and then the vessel would continue to move in an uniform 
manner, without any acceleration, with a velocity less than that of 
the wuid. 

But, when the course of the vessel is in a direction oblique to that 
of the wind, this is not the case. Whatever may be its velocity, the 
sail is then continually rcfceiving an impulse from the wind, which 
still approaches more to equality^ as the course approaches 2t direc. 
tion perpendicular to that of the wind : therefore, however fast the 
vessel advances, it may continually receive from the wind a new im- 
pulse to motion, capable of increasing its velocity to a degree supe> 
rior to that even of the wind itself. 

But for this purpose it is necessary that the construction of the 
vessel should be of such a nature, that, with the same quantity of 
sail, it can assume a velocity equal to 8-llths or 3-4ths that of the 
wind. This is not impossible, if all the canvas which a vessel can 
spread to the wind, in an oblique course, were exposed in one sail 
in a direct course. This then being supposed, Bouguer shews, that 
if the sails be set in such a manner, as to make witii the keel an 
angle of about fifteen degrees, and if they receive the wind in a per. 
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Il nceit no! be mentioned willi ttliil anxirty he wnil«d for luc. 
ce»: but lie was sooo relieved ; for, as soon as llic pot boiledi tbe 
water begai) to run ; and in 2S minutes lie got a quart of fmh wi. 
let. He tried it witli an liydroniettr lie liad oq board, and found 
il ai IJglit M rivcr-waler ; but il had a rank oily ta&te, wliicli be 
magined wua given it by tlie suajt. Tliif ta>1e diniinislieil con»i(le[. 
ably in 2 or 3 days, but not so nincb an to make it qiiile palatable. 
Tlieir slieep and fowU drank lliiii walei very greedily without any 
ill cfTectt. They ironataiitly kept their itill at work, and got a gal* 
Ion of water every " hours, Hhieh, if (here had been u ueceiaitj 1« 
drink it, would have been sufticieiit for the (hip*6 crew: 

He now thought of trying to gel water more palatable; and 
ollen peruMd the paraplilcl nbovenientioned, ej|iecially the tjuola- 
[ion IVom Sir R. Hawkius's vnyage, who " with 4 billets distilleil i 
hogshead of water wlioksouic aud nouriEliing." He cooctuded be 
bad delivered this accniiiit under a veil, le«t hia method should U 
tliwovered: for il is plain, tlut by i billcU be could not tneanlfai 
fuel, a« they would scarcely warm a hogshead of water. When, ni- 
niinating on this, it came into his head, that he burnt hi> 4 bilkl^ 
loashe*, and with the mixture of those ashes with sea^water be 
distilled a hogsheud of frC&h water whotesoiue and nourisliing. 
Pleased with thiti discovery, he cut a billet small, and burnt it 14 
ashes : und after cleaning llie pot, he pul into il s spoonful of tboie 
ashes, with the usual (juantily of sea<waler. The result auMKred 
hi« expectations: the water came off bright and tranaiwent, will) 
an agreeable pinigent taste, wliicii at tir^t lie thoiighl was occs^oned 
by ihe ashes, but afterwards lie was convinced it received it from 
Ihe rcsiu or turpentine in the pot, or pipes annexed to it. He m 
now relieved from his fears of being distressed throu{;li want of 
water; yet thought it necetsury to advise his people not 10 Iw ■<» 
free in the use of [his, w hile they hud any of their old slock itiBaia> 
ing : and told them, he wouI<l make the experiment first liinuetf; 
which be did, by drinking a tew glasses every day wittiout aa; ill 
/:llect whatever. This water was equally Ught with I be other, and 
lathereit very well with soap. Tl:ey had expended Ibeir olil slock 
of water before Ihcy ruuched England ; but had reserved a good 
quantity of that which they distilled. After liii arrival at Sfaieldii 
he invited teveral of bii acquaiutauce on board to lasle tlie mUt: 
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they drank several glasses, and thought it nothing inferior to spring 
water. He made 4hem a bowl of punch of it, which was highly 
eoramended. 

He had not the convenience of a still, or he should have repeat* 
fd the experiment for the conviction of some of his friends: for as 
to himself, he was firmly persuaded, that wood ashes mixed with 
aea.water would yield, when dbtilled, as good fresh water as could 
be wished for. And he thought, if every ship bound a long voyage 
was to take a small stilt with Dr. Hales's improvements, they need 
never want fresh water. Wood-ashes might easily be made, while 
there was any wood in the ship, and the extraordinary expense of 
Ibel would be trifling, if they contrived so that the still should stand 
on the fire along with the ship's boiler. 

All sweet or pure water, if preserved in wood, will soon dissolve 
« part of its interior surface^ and become corrupt. To avoid this 
Mr. Bentham proposed the following plan, for which he received a 
gold medal from the Society of Arts. '* The mode,'* says he, '* in 
which I conceived fresh water might be preserved sweet, was merely 
by keeping it in vessels of which the interior lining at least should 
be of such a substance as should not be acted upon by the water, 
so as to become a cause of contamination. Accordingly, on-board 
two ships, the greater part of the water was kept, not in casks but 
J9 cases or tanks, which, though they were made of wood, on account 
of strength, were lined with metallic plates,, of the kind manufac- 
tured by Mr. Charles Wyatt, of firidge-streetj under the denomi* 
liation of tinned copper. sheets ; and the junctures of the plates or 
aheets were soldered together^ so that the tightness of the cases 
depended entirely on the lining, the water having no where access 
to the wood. The shape of these cases was adapted to that of the 
bold of the ship, some of them being made to fit close under the 
platform, by which' means the quantity of water stowed was consL 
jderably greater than could have been stowed, in tlie same space, by 
means of casks ; and thereby the stowage-room on-board ship^ was 
jrery much increased. 

The quantity of water kept in this manner on*board each shij^ 
yvas about forty tons divided into sixteen tanks ; and there wat 
likewise, on-board each of the ships, about thirty tops stowed in 
ica^k^ as usual. 
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As tbe stowiog the water in tanks was considered us an fxperi- 
ineiit, the water hi the casks was u>ed in preference; that In the 
tanks being reserved for occasions of necessity^ excepting that a 
small quantity of it was used occa»ionally for the purpose of ascer- 
taining its purity, omhen the water in the ca!»ks was deemed, 
when compared with that in lanks^ too bad for use. 

The water in thirteen of the tanks, on-board one ship, and io all 
the tanks on-board the other, was always as sweet as when first 
taken from the source ; but in the other three of the tanks, on*board 
one ship, the wafer was found to be more or less tainted as ia (ke 
ca>ks. This difference, however, is easily accounted for, by sop- 
po!>lng that the water of these tanks was contaminated before it 
was put hito them; for in fact the whole of the water was brougkt 
on.board in casks, for the purpose of filling the tanks, and do 
particular care was taken, to taste tbe water at the time of taking 
it oil bfmrd 

After the water kept in this manner had remained on-board i 
length of time whicti was deemed sufficient for experiment, it wu 
used out, and the tanks were replenished as occasion required: 
but \u some of the tanks, on.board one ship at least, tbe origind 
water had remained three years and a half. About tweuty-tive 
galiuiis of the water, which had remained this length of time in (he 
ship, were sent to the Society, in two vessels made of tbe same sort 
of tinned copper with which the tanks were liiied. 

A certificate from Captain William Bolton, commander of the 
said vessel, dated Sheerness, 2Sth of June, 1800, accompanied this 
leticT, stating that the water delivered to the Society was taken 
from a tank holding about seven hundred gallons, and which bis 
predecessor, Captain Portlock, had informed faim had been poared 
into the tink in December 179^> except about thirty gallons added 
in 1/98, and had remained good during the whole time. 

In a letter, duted January 7, General Bentb^m also states, that 
the water which had been preserved sweet on>board his Majest/s , 
sloops Arrow and Dart, was taken from the well at the king's brew, 
house, at Weevil, from whence ships of war, lying at or near 
Portsmouth, are usually supplied with water for their sea-stoiv, 
as well as for pressent use.'* 

£ DITOl. 
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SECTION XII. 

On Embankments^ Piers ^ Harbours ^ and gaining Land from 

the Sea, 

In various sections of the present chapter, and particolariy that 
■on Inundaiions, we have seen the dry land occasionaUy encroached 
upon to a very considerable extent by the natural action of different 
«eas or rivers. In other instances, and particularly in the section of 
41 preceding chapter, wliicii treats of the formation of new islands, 
we have seen the dry laud make similar encroachments upon the 
surrounding beds of water. '* In this manner the boundaries of 
organized Kfe are alternately extending and diminishing; in the 
former instance sometimes thrown up all of a sudden by the dread 
agency of volcanoes, and sometimes reared imperceptibly by the 
busy agency of corals and madrepores. Liverworts and mosses 
€rst cover the bare and rugged surface, when not a vegetable or 
any other kind is capable of subsisting there,' they flourish, bear 
fruit, and decay ; and the mould tliey produce forms an appropriate 
bed for the higher order of plant-seeds which are floating in the 
breeze or swimming on the deep. Birds next alight on the new. 
formed rock, and sow with interest the seeds of the berries, or the 
^ggs of the worms and insects on which they had fed^ and which 
pass through them without injury. Thus the vegetable mould be- 
comes enriched with animal materials ; and the whole surface is 
progressively covered with herbage, shaded by forest trees, and ren- 
dered a proper habitation for man a&d the domestic animals that 
attend upon him. 

*' The tide that makes a desolating inroad on one side of a coast 
throws up Arast masses of sand on the opposite. The lygeum or 
sea.mat weed, that will grow on no other soil, thrives here and 
fixes it^ and prevents it from being washed back or blown away. 
Thus fresh lands are formed, fresh banks upraised, and the boister- 
ous sea repelled by its own agency, and there arc a variety of other 
plants whose roots or ramifications have an equal tendency to fix the 
quicksand, and produce the same efiect : such, especially, as the 
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clymus arenarius, aruodo arenarios, triticum repens, and several spe* 
cies of the willow V 

Mr. Anthony Tatlow, probably copying some prerions experi. 
ments of Sir Thomas Hyde Page, Bart, has iog^oioosly employed 
the common furze for the same purpose ; and by forming it into an 
extensive hedge, has made the sea produce a vaiuable and regular 
embankment of its own sand. His account of this ingenious con- 
trivance, as communicated to the Board of Agricultore^ A.D. iSOOy 
is as follows :— - 

** The embankment agaiKst the sea, that 1 mentioned when last 
at the Museum, b upon the estate of the Earl of Ashbumham, at 
Pembrey« in the county of Carmarthen, whither bis lordship sent 
me upon his coal and other business, and with directions to see if ( 
could devise any method of preventing tlie sea from making further 
incroachment upon his property, which it had been doing for numy 
years, and particularly in October 1 795, had broke in and covered 
many hundred acres, damaged the houses, buildings, stack-yards, 
and gardens ; apd it was the general opinion, that a regular embank- 
ment must be formed, wbi^h woiild cost ^ome thousand pounds, he 
having several miles of coast. The view that I Brat took was upon 
a very windy day, and the shore ^n entire sand, which extended at 
low water many miles. In riding along, } perceived that any piece 
of wood, or accidental impediment to the course of the sand, raised 
ti hill : it immediately occurred to me, that by making a hedge at 
the weak and low places, with uings to catch the sand as the ^iad 
blew it in. different directions, 1 should obtain the desired effect. I 
therefore directed stakes nine feet long to be cut, and drove ooe 
foot and a half into the s^nd, at two feet and half distance from 
each other ; betwixt which } had furze interwove, so as to form si 
regular furze hedge seven feet and a half high. Of this, since last 
June, I have done eljeven hundred and thirty. seven yards; and in 
October last when J was there, a great deal of the hedge was co- 
vered, and since that time I am informed by letter, that a great deal 
more of it is so ; and that tlie neighbouring inhabitants draw great 
comfort to themselves, from the security ray furze embankment 



* We are indebted for these remarks to the use of an nnpublisbed ViTork of 
a literary friend, well known to (he world. Editor, 
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gives tbem, as its present appearauce plainly evinces^ that at a tri- 
fling expense I can secure Lord Asbburnham*s estate from being 
inundated ; for, whenever the first hedge is not high enough to pre- 
vent the sea overflowing, another may be built upon the sand formed 
by that hedges and so on in succession, till it b perfectly safe." 

Similar means have not only been employed to prevent encroach- 
ments from the sea ; but in various instances to gain land from it* 
It often happens* however, that the machinery must iiere be some- 
what mpre complex, and intersected with drains and sluices. One 
of the simplest schemes of this kind which we have lately met with 
h the following by the Rev. Bate Dudley, which we shall copy in 
his own words, as communicated to the Society for the Eocoorage. 
ment of Arts, Manufactures and Commerce, and for which. he 
received the gold medal. 

*' A tract of land, which I inclosed on the same line of coast within 
this parish about eleven years ago (for which I was then honoured 
with the Society*s gold medal) being already under a profitable 
course of tillage, I was induced to undertake the present inclosure, 
as a lessee of the collegiate estate of St. Paul'i. The front line of 
embankment against the sea is nearly one mile in length, and, with 
Ihe returning banks on each wing to the old wall, forms an inclosure 
of contents, as expressed in the certificate already in your posses* 
sjon. yue whole of the embankment is conaposed of earth alone, 
borrowed from the irregular salting land in the front, called chatis, 
and taken at the limited distance of twelve feet from the base of 
the new work, to leave a suflicient foreland for its protection. I 
found, from experience, in my former embankment, that I had not 
given it a sufficient angulaf declension iu front, for an easy aseent 
and descent of the waves. . This error was therefore corrected in 
the last work. I began it on a base of thirty-two feet, and wrought 
it to the height of seven feet, leaving it a plane of five feet on the 
top^ and making the land-side of the embankment, as nearly per- 
pendicular as the security of the base would allow. 

•' Within, on the land^de, is cut a ditcb, twelve feet wide, five 
feet deep, and four feet at bottom ; the earth from which was 
thrown into the mound. My former sea- embankment, in Braflwell 
jiarish, had nearly given way to the great ioondating tide of Feb* 
ruary 17g2, from thb erection of new earth being made on the 
surface. To guard against similar danger in the present work^ a 
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s)'it deep trencli, six feet wide, was previously cut along the centre 
of ilic whole line, on which the uiound was to rest; this, b)* ad. 
Diittitjg the new earth into an incorporate adhesion with the base 
soil, renders a future separation almost impossible. Before this, the 
main rills had been tilled and rammed, to give these parts equal 
solidity with the rest. 

" The whole Operation was performed by a gang of twelve sea- 
wallers, with barrows and planks only, at one pound teo sliillings the 
niarsh-rod, of twenty feet, and perfectly inclosed in seven months : 
but, it must be obsierved, that the soil, composed of rich vegetable 
matter, is w ithout one particle of. stone or gravel, and cuts willi 
an iron edged scoop-tool, so as to load the barrows with great 
facility. At each end of the front line is laid an out- full gutter, or 
sluice, through the whole eiiibankment, five feet in width, by three 
deep deep, clear in the run ; and another of smaller dimensions io 
the centre, for discharging the land waters freely to sea. The con. 
struction of these aqueducts is too well known to require farther 
description here : probably, however, the little addition given to 
those erected on this occasion may be found of some use. Observ- 
ing it often happen, that, either from accident or design, the out- 
ward lid of the sea-sluices remained open, and admitted the tide to 
the great injury of the fresh waters within the marshes, I intro- 
duced here a light fly-lid within the centre of each sluice, which is 
out of reach, and yields to the slightest pressure of the water going 
out; but shuts closely against that of the tide, when it passes in- 
wardly the external flap. These sluices are laid upon as solid a 
foundation as can artificially be made on such soils, to prevent tlie 
crabs, and other sea^fish, from Undermining them, which roust 
otherwise be the case. The frame and flooring are of fir, which 
lies under water as dura1)!e as oak. 

" The land thus inclosed is partitioned into four nearly equal 
parts, by new out-ditches, twelve feet wide, five deep, and four at 
the bottom, which, with small intersecting rills, from various parts, 
give the whole a good drainage of its salts, on the fall of heavy 
rains: and, by a course recently made from a distant brook, each 
division of this land is now amply supplied with fresh water. Not 
less than eight hundred South-Down sheep, and from sixty to eighty 
horses, are almost constantly grazed, and even winter thereon 
remarkably well. The established opinion of the best farmers of 



AND GAINING LAND FROM THB l^EA. 379 

the country was, that land, thus taken from the sea, would not 
grow com under thirty years at least after their inclosure. But as 
no experiment had been made, by which this fact could be clearly 
ascertained^ as soon as I had shut out the sea from a part of it, 
about six yarils square were immediately dug, and sown with horse- 
beans and oats, which, though the summer proved very dry, and 
consequently unfavourable, produced of each a fair return of sotiud 
good corn ; and the last harvest the same spot being sown with 
wheat, yielded an excellent crop. The next spring I mean to try 
it with barley and turnips. My first inclosed lands in this parish 
have produced two succeeding crops of fine oats, and are now grow* 
ing a very promising breadth of rape for seed, 

" It may here be remarked, that the lower oozy parts of the new 
inclosure, on which no vegetable ever grew before, begin to be 
coated with various grasses; and as the saline parts die away in 
other spots, for want of their natural moisture, fresh grasses replace 
them, so that the whole is now nearly covered with grazing plants 
of good quality, amongst which appear the different clovers, trefoil^ 
and rye-gruss^ &c. Hence I conclude, but contrary 1o the general 
opinion^ that though all these grew artificially from seed sown, it 
does not follow of necessity that they cannot be produced without* 
i think that the natural operation of the sun and air, upon certain 
soils will alone effect it ; and my experience in lands taken from the 
sea confirms very strongly this opinion." 

The construction of canals, reservoirs, locks, piers and quays, are 
dependent upon the same principles, extended to a more scientific 
survey. In this view the art of embankment, T)bserves Dr. Young, 
is a branch of architecture entirely dependent 6n hydrostatical and 
hydraulic principles. In Holland, and in some parts of Germany, 
this art is indispensable to the existence of large tracts of country ; 
and even in this island, it has been of extensive utility, in gaining 
and securing ground on the sea coast. The construction of canals, 
and the management of rivers and harbours, are also dependent on 
the same principles ; and these important subjects have been dis* 
cussed by varions writers, in many copious treatises, expressly 
devoted to hvdraulic architecture. 

When a bank or dike is to be constructed, it must be composed 
of materiaU capable of resisting, by their weight, the effort of the 
fluid to overturn them ; by their hiteral adhesion, the force tending 
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to Ihrost them aside horizontally ; apd by their density and teoat- 
cily, the penetration of the water into their substance. If tht 
water be in motion* they must also be able to resist its frictioo» 
without being carried away by it, and they must be arranged iu 
such a form, as to be least liable to be undermined. For many of 
tbcsc reasons, the surface of the bank exposed to the water most 
be inclined to the horizon : the line expressing the general direction 
of the pressure of the water ought to be confined entirely within 
its substance, so that no force thus applied may be able to OTertiun 
it as a whole ; and. this condition will always be fulfilled^ when the 
sides of the bank make an angle with each other not less than a 
right angle. The pressure acting on a bank thus inclined will also 
tend to condense the materials, and to increase their lateral adbe. 
8ioo» and the particles will become less liable to crumble away by 
their weight, than if the surface were more nearly Tertical. For 
embankments opposed to the sea, a bank much inclined has also 
the additional advantage of breaking the force of the waves very 
efiectually. An embankment of this kind is usually fnmished with 
drains, formed by wooden pipes or by brickwork, closed by ^llii^ 
doors, or valves, which allow the water to flow out at low water, 
but do not permit the tide to enter. To prevent the penetration of 
the water, clay is often used, either mixed with gravel, or sunk in 
a deep trench cut on each side of the canal or reservoir. 

The greater or less velocity of a river must determine what sub. 
stances are capable of withstanding its tendency to disturb them; 
some are carried away by a velocity of a few inches in a second, 
others remain at rest when the velocity amounts to several feet. 
But in general, the velocity of a river is sufiicient to produce a 
gradual transfer of the particles of its bed, vihich are shifted slowly 
downwards, towards the sea, being occasionally deposited in those 
parts where the water has least motion, and serving at last to form 
the new land, which is always advancing into the sea, on each side 
of the mouth of a large river. It has been recommended, as a 
good form for a navigable river or canal, to make the breadUi of 
the horizontal bottom one-fifth of that of the surface, and the depth 
three-tenths. 

If a canal or a reservoir were confined by a perpendicular surface 
of boards, and it were required to support it by a single prop, the 
prop should be placed at the distance of one-third of the wbola 
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heigbt from tlie bottom ; but i( woulO be always more convenient 
in practice to tix llie siile of Uic reservoir at the bollom, tlian (a 
allow the whole ptessure to be supported b; the prop, and it might 
aUo be slreiigtlieneil by menns of ribs, thicker below than above, 
BO as (o prudnce^aii equal strength thruiigliout, wherever the prop 
iniglil be ptnceH : but if the side wtre formed of a single plankt 
of uniform thickness, the strain noiild be most equally divided bj 
placing lite prop very near the middle of it^ height. 

The sircngtii of the materials employed for Hood-gates and sluicea 
requires to be deleriniiied according to the principles, which ar« 
usually laid down, in trcatiug of tlie passive strength of substmiccj 
used for purposes simply mechanical ; but the calculationi ItcrouM 
in ihb case much more intricate. Thus, if we have a circular plat* 
or plaok, of a uniform elastic substance, constituting the bollon 
of a pipe or cistern, and simply supporlei at the circumference, s 
very complicated calculation is required for dclormining the pro* 
portion of its strength to that of a square plate ut the sume 
breadtb, sup|)orted only at two opposite ends, since at each jMuit 
of the circular piece, there are two curvatares which requira 
to be considered. The square plate will support a. column of 
fluid twice as heavy as the weight which would break it, if placed 
«1 its centre ; and if Uie calculation be correct, a circular plate will 
support a height of wairr ucarly l6-7tiis as groat as a tquare plate. 
But for ordinary purposes, it will be suSJcient to consider Ibe 
strength as derived only from the resistance opposed to the flexure 
iu one direction, since the additional strength, obtaiued from the 
lateral supports, may very properly be neglected, as only assistinj 
in affording that additional security which is ahvays necessary, tu 
compensate tor any accidental effects of the tnalerials. It has beea 
asserted that the strength of a square plate is doubled wheu it ii 
supported on both sides; but this appears to be a mistake. 

We may, therefore, be eouienlcd with delerniiniug the slrahi on 
the materials in ihnt direction in which they afford Ihe greatest 
resistance, either from the shorter distance between tlie supports, 
gr by (he disposition of the fibres ; and it will be always most eli. 
gible to conthiue these circumstances, so that the tibres of the wood 
may be arranged in the direction of (be shortest dimensions of the 
sluice. If a sluice be supported above and below only, the greater 
Mrain will be at the diatauce of about 3'7ths of its bjight from 
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the bottom; ainl it is at this poiat that tbe greatest strength is 
required. Bat if tbe boards farmiiig Ibe sluice be lixed across it, 
Ml borizoutai direct ious, tlieir streogtb must be greatest at ibe 
bottom* 

In tlie construction of flood-gates, tlie {M'iuciples of carpentry 
must be ap|>iieiJ in a manner nearly similar to tbat wbich serves for 
the dett'rraiiMtion of tbe best forms of roofs* Tbe flood»gates, if 
thev are double, without a solid obstacle between them, must meet 
at an angle : and wlien this angle is very opeo, the thrust agvnst 
the walls or binges must necessarily be very great. If, however, 
the aiigle were too acute, the flood-gates would require to be 
lengthened, and in this case their streugth would be far more 
diminished iban that of a roof similarly elevated, since the hydro, 
static pressure acts always with full force in a perpendicular direc. 
tion. Tbe thickness required for each flood-gate may be deter- 
mined in the same manner as the thickness of a sluice. , 

Where a sluice- board of considerable dimeiuHons is to be occa- 
sionally raised, it may be necessary to ascertain the force which 
will be required for overcoming its friction ; this friction is nearly 
proportional to the whole pressure of tbe water, and may be found, * 
with sufiicient accuracy, in pounds, by multiplying tbe square of tbe 
depth of the sluice, in feet, by ten. Thus, if tbe depth be three 
feet, the friction or adhesion will be about go pounds for each foot 
of the breadth. 

If the side of a canal gives way, it is sometimes of consequence 
to prevent, as much as possible, the escape of the water. For ibis 
purpose it is usual to have doors or valves in various parts of the 
canal, which, when the water is at rest, lie nearly flat at the bot- 
tom ; but ulieu it begins to run over them, with a considerable 
velocity, tliey are raised by its force, and put a stop to its motion. 

The utility of the introduction of canals into a commercial 
country may be estiimitcd in some measure by the effect of tlie 
same labour, employed in removing weights by land carriage and 
by viater. Tlius, a single horse can scarcely draw more than a ton 
weight on the best road, but on a. canal, the $ame horse can draw 
a boat of 30 tons at the same rate* 

The construction of piers and quays, and the management of 
harbours, are also important departments of hydraulic architecture; 
it often happens that besides the application of the general princi- 
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pies of mechanics and hydrostatics to these purposes, the peculiaf 
circumstances of the case may indicate to an ingenious artist a mode 
of performing the required work in an effectual and economical 
manner* We may find a good example of such an arrangement, in 
the account given, by Mr. Smeatop, of the method which be adopt* 
ed for the improvement of the }K>rt of Ramsgate, and .which indeed 
resembles some that had been before employed in similiar cases: by 
forming a large excavation, which is furnished with flood-gates, and 
is constantly filled at high water, he has procured a number of 
artitidal torrents, which escape through the sluices, and become 
powerful agents for carrying away the matter deposited by the sei^ 
and tending to impede the navigation of the harbour. 

[Communications to the Board of Agriculture, Trans, of 
the Society of Arts, Sfc. Voung's Nat. Phil. Editor. 

SECTION XIII. 



Table of Heights, in English feet^ from the level of the Sea. 

This valuable com]>arative estimate we take as laid down by 
Dr. Young, from the measurements of Deluc, Sliuck burgh, Roy, 
Bouguer, and others. 

The Caspian Sea, lower by 306 ono-third above low water mark at 

The Thames, at Hampton, Roy 14 J Isle worth. 

The Tiber at Rome S3 The pagoda in Kcw gardens 

The Seine at Paris, mean height S6§ rroip the ground .' 1 164 

The Th;imes, at Buckingham The west end of the Tarpeian 

Stairs fifteen feet and a half rock 151 

below the pavement In the The Palatine hill 165 

left hand arcade 43 T[)c Claudian aqueduct, bot- 

By barometrical comparison with the torn of the canal 808 

Seine and the Mediterranean, but The Janiculum 293 

this height is probably too great. The cross at St. Paul's, from 

Roy supposes the low wafer of the the ground S40 

spring tides at Islcworth to be only St. Petcr's,suaimit of the cross 5S& 

one foot above the mean surface of From the ground 47 1 

the ocean. He allows seven feet Arthur*s seat, from Leith pier 

for the difference of the low water bead 808 

at the Norc and at Isle worth, taking Lake of Geneva 1230 

18 feet for the height of the spring Its greatest depth 393 

tide, adds one-third of this for the Mount Vesuvius, base of the 

mean height of the sea* AtHamp- cone 2021 

ton the Thames is thirteen feet and Saddleback 3048 
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S180 

Skiddaw S270 

Balvelija S3SU 

Chmtmmmj, fretted Joor of the 

i^ SSffl 

CnMifUl SS90 

Ftedle S4I1 

Tidile Moiiiit» Cape 3454 

flclMiiaUioii 3461 

BeaGloe 3472 

ooawdiHi • •••••##*«i. • •• • • 3555 

Ben fifoir ; 3723 

BtaLawen 3858 

Feaaygiaot .\. 3930 

BCoont Vesayiosy montli of tba 

ciafer 3938 

Inglleboroitgli 3987 

Wliernside 4050 

BeaNevU 4350 

Hecla 4887 

Pic Ruivo» Madeira 5141 

Sommit of Mount Jura 5523 



Surnadt of dK Mole 6113 

MaalCenUiUposte 6261 

Pic de lot Rejct, Pyreners . 7630 

Monte Vcliao* Appeimines. . 8397 

City of Gondar, Abyisiaia . . 8440 

CuiigoB» P jr iaa ec g 8544 

SaoMait of Moat Cents 9212 

Fic do Midi, Pjrfcaeet 9300 

Qnito 9377 

Monte Yiao 9997 

Glaci6re de Baet 10184 

Etna 10954 

Pike of TeneriiTe, Bofda .... 11022 

Pike of TeneriCe, old cstiaate 15064 

Pic d*OdsanOy Pyieneet .... 11100 

Aignllle d'ArgeatJ^re 1S40S 

OphirinSamatra, Bfuadeii.. 13842 

Monte Rosa, Alps 16084 

Sommit of Mont Blanc .... 15609 

Pichincha 15610 

Antisana 19290 

Cbimbroa^oa 19595 



It may he observed with respect to General Roy^8 calculation of 
the mean height of the sea, that it does not appear t\M in riven^ 
or even in narrow seas, we ought to add one.third of the height of 
the tides only to that of low water, in order to find the level ; for 
it is probable that even the original tides may often resemble those 
of lakes, wliere, for want of breadths, the effects of a spheroidicat 
tide cannot take place, and the elevation and depression arc very 
aearly equal. 

Editor* 
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SECTION 1. 

General Propotitions. 

A rr.UiD is a body, tlie particles of which, when tljey are left 
to Iheinselves, are all in eqiiilibrio, or are reaily to move upon the 
siiialleat force heiug applied to any of them. All the particles of 
fluids grafilale as ncll as those of solids. A perfect fluid ought to 
liave no viscosity; but aniong liiuid bodies we are acquainted with 
niAie that are entirely free from Ihis property. The followiag pro* 
poUiioDS comprehend the priaclples of hydrostatics. The won) 
jSuttiisused inmost of them, instead of liquid, because several of 
these propositions apply to aeriitl fluids as well as liquids ; and itatr 
ingsud), generally, will save us sonic repetition liereaAer. 

1. The snHace of every fluid when at rest is horizontal, or per- 
pendicniar to the direction of gravity. It will at oucc be percelv* 
«d, that when tlie extent of surface of the fluid is considerable, 
instead of being flat it will assume perceptibly the form of the aeg. 
ineut of a sphere. For example, if a pond extends two miles 
every way, it can be shewn that the centre is eight inches higher 
Ihau the sides. The quantity of curvature increases as the square 
of the arches described. Hence in levelling, a correction is ne- 
ceiiiary for this curvature, aad it is usually made in this way : If s 
be the distance in milesj two-thirds of d' is equal to the cotreclioa 
in feet. 

2. The fluid in a vessel being at rest, and subjected lo (be sole 
action of gravity, every particle of it is fubjecled to the sime pre*, 
sure every way : and Uif pressure is equal to the perpendicular co- 
lumn of water iibove the parlicle. 

3. TTie pressure of water upon the sides of Ihc vessel is equal to 
the greatest height of the water, without any regard to the extent 
uf ill upper surface. This is what ta usually called the hydrostatkal 
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paradox ; because, id consequence of it, a very small qnantity 

of water may be made to produce all the effects of a very great 

weight. Mr. Bramah*s very ingenious press is foanded upoo ibis 

pro|)erty of fluids. If the side and bottoQi of a vessel be equal, 

then the pressure on the bottom is twice as great as on the sides. 

Hence, if we wish to inclose a pond of water by a wall, it is obvi. 

ous that the thickness of the wall at the bottom must be greater 

than at the top, as it has a much greater pressure to withstand. If 

the wall at the bottom be |ths of the height of the water, it will 

just balance the pressure of tlie watel*. A secure walF would re. 

quire to be thicker. 

4* When a body floats in water^ it loses a portion of its own 

weighty just equal to that of the water which it displaces. The 

same proposition holds if the body be plooged entirely under the 

surface ; in which case the bulk of water disphiced is just equal to 

the bulk of the body immersed. This principle was first observed 

by Archimedes, and be founded on it the method of ascertainiog 

the specific gravity of bodies^ as at present practised. Let w be 

the weight of any1>o<iy iu air, W its weight when immersed inwa- 

' ter^ then w— w' is the weight of the water equal to the bulk of the 

body. l«t 1 be the specific gravity of water, and / the specific 

gravity of w, then wc have 1 : 5:: w— V : w; which gives usjz: 

w 
;, the specific gravity required. As the weight of water va- 

ries with the temperature, it is usual to take specific gravities at the 
teinperdture of 6o°. 

5. When a body floats in water it affects a particular posftion, 
and this position is such, that the line which joins the centre of 
gravity of the body and the centre of gravity of the immersed parf, 
is always vertical. Hence a body floating in water may have such 
a form as to have no stability, but to float indiflerently in any po- 
sition whatever. The form must be such, that the centre of gravity 
of the immersed part always retains the very same position, wliat. 
ever part of the body is under water. This is obviously the case 
with a sphere : or a body floating iu water may have a great dfi\\\ 
of stability or tendency to return to a particular position : or it may 
have a particular position whic|i it prefers, but from which it is very 
easily driven. Stability is ob^riously an important requisite in ship- 
building. Now the lower the ceutrc of gravity of a ship is below 



MOTION AND RESISTANCE OF FLUIDS. £ 

the (teck, llie greater its Mability; but if it be too low, tlie ihrp 
relurai to the vertical positiou with such celerity ai to endanger tllc 



Motion and Retisfancc of Fluid*. 

However satisfactory the general principles of motioD ma; be, 
when applied to the action of bodies on each other, Jo all those cir. 
cuni«taiices whicli are usually included in that branch of iialuial 
philosophy called nieciiauics, yel llie applicalion «f the lanie prin- ~ 
ciples in the investigaliou of the motions of fluids, and their aclioni 
on oiher bodies, u subject to great uncettainly. That (he difierent 
kinds of nira are conBliluled of particles endued with repulsive 
powers, is manifest from their expansion when the force wilii whicli 
iliey are compressed is removed. The particles being kept at a 
distunce by their niutuol repulsion, il is easy to conceive Uiat they 
may move very freely umouj; each other, and that this motion may 
lake place in all directions, each particle exerting iu repulsive powet 
etjually on all sitles. Tlius far we are ncquauiled with the consti- 
lutimi of these fluids; hut nith what absolute degree of facility the 
particles move, and ho>v this may be effected under different de- 
grees of CO 01 press ion, arc circumstances' of which we are totally 
ignorant. 

In res)>ect to those fluids which are denominated liquids, we are 
still less acquainted with their nature. If we suppose ibeir par. 
tides to be in contact, it is extremely didicutt to conceive how they 
can move among eacJi otlier wilU such extreme facility, and produce 
effects in directions opposite to the impiessed force Mithoul any aen* 
sihte loss of motion. To account fur this, the panicles are sup- 
posed Iu be petfecily sniuolh and spherical, if we were to admit 
this supposition, it would yet remain to be proved how this would 
solve all the phenomena, for il is by no means self-evident Ihat it 
would. It' the particles be not in contact, tlicy must be kepi ut a 
distance by smnc repulsive power. But il is nmnifesl that these 
liarlirles Milracteach viber, from the drops of ull perfect liquidt 

■ Thete arc Itto eXcellnil papEn In Ihc Trantaellani on the sUbiUIJt «t 
•HjH, by Mr. Aiwood. I'lill.TtiiDi. 1108, Vol. ImmU ii.48t aaanM.wl. 
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affecting to form tliemselves into spheres. We mast therefore aJ- 
niit in Ihis case both powers, und i hat n here one power eiiib lite 
other begins, agreeably to Sir Isaac Newton's* idea of what lakn 
place, not onl^ in respect to the constituent particles of boiliej, lul 
to tile bodies tlieiiiselves. The incomprcs^ibility of liquids (fori 
know no decisive experiments which hare proved ihem to lie torn- 
pres?ihle) seems most to favour the former supposition, unless «« 
.admil, in tite ktller hvpolliesis, thai the repulsive forcu is gr»tcr 
th»n any human power which can be applied. The expansion of wa. 
ter by heat, and tlie possibility of actually converting it into two 
permanenlly ejaslio fluids, according to some late expert men Is, scrn 
to prove that a repulsive power exists between the particles ; fur it a 
hard Id conceive Ihitt heat can actually create any_aiic]i iiew giowcTi, 
or tliat it can of itself produce any such effects. All lliese uncM. 
tain ties respecting ihu constitution of fluids must render I lie eon ' 
elusions deduced from any theory subject to coDStderable emn^ 
except ihat which is founded on such experimental as include in lim 
the consequences of all those priuciptes which are liable to any 4b 
gree of uncertainty, 

A fluid being composed of an indefinite number of corpusck^H 
must consider its action, either as the joint aclion of all thec» 
puscles, estimated as so many distinct bodies, or we must eonsidir 
the Bcliou of the whole as a mass, or as one body. lu tbefbraw 
case, Ihc motion of the particles being subject to no regularity, tt 
at least to none that can be discovered by any experiments, il is 
impossible from this consideration to compute theeflects; foi sa 
calculation of elR'cts can be applied when produced by causes wbidi 
are subject to no law. And in the latter case, the rDects of Itic 
action of one body on another diflcr so much, in iiiauy respcctli 
from what would be its action as a solid body, that a computation >f 
its efiects can by no means be deduced from the same principles. Dl 
mechanics, no equilibrium can lake place between (wo bodies of diF* 
fereot weights, unless the lighter acts at some mechanical sdvanttpi 
but in hydrostatics, a very small weight of fluid may, without ilt 
acting at any mechanical advantage whatever, be made to bahnn 
a weight of any magnitude. lu mechanics, bodies act only in llit 
direction of gravity : but the property which fluids have of acting 
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•qually in all itircelions, produces effects of such an extraordiuary 
nature as lo 8ur|iHBs tlie power of invesligjlioo. The indeliiiilely 
snifill corpuscUs of which a fluid is composed, probably ptisseis ihe 
same iwwers, uud would he aubjecl lo the same laivg of iiioiioii, ai 
Lodieauflinile magnitude, could any I wo of them act ou L'4ch oilier 
li> contact; but this U a circunislauce wliich certainly iievt'r takei 
place in any of llie ai^rial fluids, and probuliiy not in any li^juida. 
Under Ihe cireunislancw, Uiereture, of an indefiiiile muiiber of bo. 
dies acting on each otlier by repulsive jxiivert, or l>y absolute con* 
lacr, under the ancerlainly of (be friclioa Mbich may lake place, 
and of what varialion of efl'ects niay he produced uuder differeuf 
degrees of compression, it is no wonder Ihal our theory and expe- 
riuienla should be so oAcn found to disagree. 

Sir Isaac Newlon seems lo have been well aware of all these di 111. 
cultics, and lliercfore in his Principia he has deduced bis laws of 
rpsislance, and Ihe principles on ivbich Ihe times of emptying vessels 
ate founded, entirely from ex]>eriinenl. He was loo cautious lo 
irust to theory alone, under all tlie uncerlainties to which lie appears 
lo hare been sensible it must be stibject. lie had, in a preceding 
part of that great work, deduced the general principles of niotiou, 
and applied tliem to Ihe solution of problems which had never be. 
fore been atleinpted ; but wh^n he came lo treat of fluids, he saw 
it was necessary to establish his principles on experiments ; pruj' 
ciples not indeed nialbematJcally Irue, like his general principles of 
motion before delivereil, but, uuder cerlain liiuilalions, suQicieutlj 
iiccurate for all practical purposes. 

The prmciple to be established in order to delermioe the thue of 
emptying a vessel ihtough an orifice at the bottom, is tlie relation 
between the velocity of a fluid al the orifice and the altitude of the 
fluid above it. Most writers on Ibis subject bave considered tile 
column of fluid over the orifice as the expelling force; whence some 
have deduced the velocity at the orifice lo be that which a body 
would acquire in falling down ibe whole deptb of ihe fluid ; and 
«thers that acquired m filing Ihniugh half the depth, wlllioul any 
regard to the magnitude of Ihe orifice: whereas it is nianifesl from 
experiment, that the velocity at the orifice, the depth of the fluij 
being the same, depends on tlie proportion which the magnitude 
at the orifice bears to the magnitude of ihe bottom of tbe vnssel, 
supposing, for inslance, the vestel lo be a cylinder standing on ils 
2c 3 
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base; and in all cases ihe velocit_v, cateris paribus, nill depeul Wt 
tfie ratio between the magtiitude of Ihe orifice and that of tile sDrfate 
oftlie fluid. Conclusions tljuscoulraryto matter of fkft show, either 
that th« principle assumed is not true, or tiiut llie deductions froni it 
are not applicable to llie preseut case. The most celebrated iheorici 
on this subject are those of D. Bernouiil: and M. D'Alenibert; the 
former deduced his conclusions from the principle of tlie conterva- 
(iouir/UFnc[carun«,orashecallsit, theejwo/iYns inter desctntam 
actualem asceniumque potenlialem, wliere, by the iletcensm 
actualis he means the actual descent of the centre of gravity, snJ 
by the atcensus potenliali), he means the nscent of the centre of 
gravity, if the fluid which flows out could have its iinitiou directed 
upnards; and the latter from the ptiuciple of the equilibrium 
of the fluid. This principle of M. D'Alemberl leads immediaiely 
lo that assumed by D. Bernouilli, and couscfjuentlj tbey both de- 
duce (he same fluxioiiitl etpiulioo, the fluent of whicli expresses the 
relation between the velocity of the fluid at the orilice, and ihe per. 
peodicular altitude of the fluid above i*. How far the priociplfi 
here assumed can be applied in our reasoning on fluids, can only be 
determined by comparing the conclusions deduced from thein wifli 
cxperinients. 

In order lo determine whether there was any pressure of llie fluid 
against the sides of the pipes as it passed througb in all their dif- 
ferent situations, some small holes were pierced in lliem at difiereot 
parts. In the cylindrical pipes, and those in Ilie forni of incieasiii* 
cones, the fluid passed by the holes without being projected out, or 
without having the least tendency lo issue through tlicm; but Id 
the decreasing cones the fluid spouted out at the holes. In the 
former cases therefore there was no pressure against the sides oftlie 
pipes, but in the latter case there was. 

In respect to the motion of the fluid through any of the pipes, I 
found no difference whether I stopped the pipe at the end ol" llie 
tube wbich enters into the vessel, in which case the motion begin 
when the tubes were empty, or whether at the olberend, in wbich 
case they were full at the commencement of the motion. That tlie 
fluid should flow into Die pipe faster than it would tlirnugh an ori- 
fice, may probably, ill part at least, be owiug to Ihe adbeijon of 
Ihe fluid to Ihe pipe, and be thus explained. Though (he borizoit- 
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tal motion of the fluid towards the orifice accelerates the velocity 
after it escapes from the vessel by contracting the stream, yet it 
most diminish the velocity at the orifice ; that is, if the same per- 
pendicular motion were to take place without the horizontal mo- 
tion, the fluid would flow out faster ; for as any motion in a fluid 
is immediately communicate<l in every direction, .the horizontal mo- 
tion will produce a motion upwards, and in some degree obstruct 
the descent of tlie fluid. If therefore this horizontal motion could 
be taken away, or any how diminished, the fluid would flow out with 
a greater velocity. Now if a pipe be fixed, the fluid at the bottom 
of the vessel flowing towards the orifice will, by its adherence to the 
vessel, continue to adhere to the sides of the pi|)e as soon as it ar- 
rives there, and by this means almost all the horizontal motion will 
be destroyed, and converted into a perpendicular motion; for the 
horizontal motion arises principally from the fluid which flows from 
and very near to the bottom, where the whole motion is very nearly 
in that direction. This motion therefore being thus nearly de- 
stroved, the fluid will be less interrupted at the orifice, and consc- 
c|uently will flow out with a greater velocity. But why the velocity 
should also be increased either by increasing the length of the pipe, 
or making it an increasing cone, under certain limitations, is a cir. 
cnmstance which^ I confess, I can give no satisfactory reason for* 

The above-mentioned experiments were made principally with a 
view to ascertain how fur tiie theory of the motion of fluids can be 
iipplied ; and the inquiry has led to several circumstances which 
probably have not been observed before. That the theory is not 
applicable in all cases, is manifest ; but that it brings out conclusions 
in many instances which agree very well with experiment, is un- 
doubtedly true. This tends to show, either that the common prin- 
ciples of motion cannot be applied to fluids, and that the agreement 
is accidental ; or that under certain circumstances and restrictions 
.the application is just. Which of these is the case, is not perhaps 
easy for the mind to satisfy itself about. Nothing however which is 
here said, is done with any view to detract from the merit of those 
celebrated authors. They have manifested uncommon penetration, 
and carried their inquiries on the subject to an extent, that nothing 
farther can be hoped for or expected ; and if they had done no- 
thing else in science, this alone would have racked them among 
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the fcry tint iMitbcnatieiiiit. The hnlt htm been ami miijieii 

[Vinee. Phil. Trans. 1795. 

SECTION III. 

. On the FricUon and Velociiif of Currents. 

Tbb effects of friction is purticalarly exemplified by the notions 
of rivers, in which almost the whole force of gravity is employed ia 
overcomiog if. When the inclinations and dimeasioiis of a mer 
continue uniform, the velocity is also every where eqoal ; for other, 
wise I lie depth would l>ecome unequal : here, therefore, the ibice 
of gravitation must he an exact counterpoise to the resistance mfucb 
IS to be overcome, in order that the water may flow %vith its actoil 
Velocity 5 thb velocity having been originally derived from tbe ffled 
of a greater inclination near the origin of the river. When tbe 
tiver is thus proceeduig, with an equable motion, it is siaid to be Id 
train ; and it is obvious that no increase of its length will prodooe 
any alteration in its velocity. There b, therefore, a rery materiii 
difference between' the course of a river, and the descent of a body, 
with an accelerated motion, along an inclined surface. For when a 
solid body is placed on an inclined plane, the force of frictioo is 
either great enough to overpower its relative weighty and to retain 
it at rest, or else the friction is constantly less than the gravitation, 
and the motion b always accelerated. But the resistance to the 
motions of fluids-arbes principally from different causes ; not from 
the tenacity of the fluids, which, where it exists, is a force nearly 
uniform, like that of friction, but principally from the irregular mo- 
tions and mutual collisions of their particles ; and in this case, ac- 
cording to the laws of mechanics, it must vary nearly in proportion 
to the square of the velocity. For when a body is moving in a line 
of a certain curvature, the centrifugal force is always as the square 
of the velocity ; and the particles of water in contact with the sides 
and bottom of a river or pipe, must be deflected, in consequence of 
the minute irregularities of the surfaces on which they slide, iuto 
nearly the same curvilinear paths, whatever their velocity may t>e, so 
that the resistance, which is iu great measure occasioned by this 
centrifugal force, must also vary as the square of tbe velocity. 
Thus also the curvature assumed by tbe outline of a stream of wa- 
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tfr issuing from a simple orifice, wliitli conslitiites ilie conrrartton 
already described, is very ntsriy llie tanie, whatever llie velocity 
may be: Hor does ibe friclioii increase miDi tlie pressure, as is de- 
iiionslrated by an experint«ii( of Professor Robisou vn ilie oscilla- 
tion ol'a fluid ilirou|;ii a bent tube, lerminaied by lwi> bulbs, wliicb 
were performed in %Uc snnie lime, wlielher tlie lube was in a hori-. 
xonlal or hi a vertical posiiion. Mr. Coulomb has also proved \h6 
same fad by experiments on llie vibrations of )*oclies immersed in 
fluids, and suspended by Iwisled Mires; he finds that precisely tt 
the surface, the I'riclian is sojnewliat greater tlian at any depth be. 
low it: he also considers a certain part of the friction as sirapty 
proportional Id tlie velocity, and a small jiuition only, in curnmon 
fluids, as perfectly iitilepeudetit of it. 

Il is obvious that wiierever the friction varies as the sijuare of tht 
velocity, or even when it ittcreases in any degree with the velocity, 
there must always be a limit, which llie veloeily can never vnxti, 
by tiieani of any constant force, and this limit must be the velocity 
at which the niiilauce would become etjual to the force. It is foi 
Ibis reason that a h»ht body, descending llirough The air, soon ac- 
quires a velocity nearly uniform j and if it be caused, by any enter- 
»h1 force, to move for a lime more rapidly, it will again be siwedity ' 
retarded, nnlil its velocity be restored very nearly to its original 
•tale. In the same nmnner ihe weight of the water in a river, 
which has once acquited a stationary vi'locily, is wholly employed 
in overcoming the fricliuu produced by Ihe bottom and the banks. 

From coustderiug the eft'ect of the magnitude of the surface ejtt 
posed to the friction of the water, in comparison with the wbol6 ' 
(|UHntily contained in the river, together with the deoree in whirh' | 
Ihe river is inclined to the horizon, we may determine, by following I 
the me I hods adopted by Mr. Buet, the velocity uf any river of which i 
Vre know ihe Oimetisious and Ibe inclination. Supposing Iho whole 
4{nautity uf water to he spread on a borizonlal surtace, equal in es*- 
lenl to the Iwttom and sides of the river, the Iteight, at which it 
would stand, is caMcd the hydraulic mean depth ; and it may \it 
shown that the square uf ihe velocity must be jointly proporttuoi^ I 
la Ihe hydraulic mean depth, and to the tall in a given length. If ^ 
we measure the inclitiulion by the tail in 3e00 yards, ihe square <it I 
Ihe velocity in a second will be nearly equal to the jirodiict of ihii [ 
fall mulitplied by the hydraulic mean depth. For exuuiplf, in ilia J 
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GaageSf and in Mine btb^ great rivers^ ibe mean depth being aboot 
30 Utt, and the Ml four inches \n a mile, the fall in 280O ^ards will 
be about 6| inchesi which, multiplied by 360 inches, gives 2340 
ipcbfs for the square of the mean velocity, and iLS\ inches, or about 
iMir feet for the mean velocity in a second, that is, not quite thre^ 
miles an hour, which is the usual velocity of rivers moderately ra- 
fiid. If, however, great precision were required in the determioa* 
tion» some further corrections would be necessary, on account of 
the deviation of the resistance from the exact proportion of the 
squares of the velocities : since the friction, as we have already seeo, 
does not increase quite so fast as this. 

It is obvious that the friction of a fluid, moving on the surface of 
-a solid alone, would not produce an^ material retardation of its 
■mtion, if the particles of tiie fluid themselves were capable of, 
moving oq each other, without the least resistauce ; for in this case a 
small portion of Ibe fluid, in immediate contact with the solid, might 
remain at rest, and the remaining mass of the fluid might slide over 
this portion without any retardation. It appears, lio%vev^r, that the 
water in contact with the bottom of a river moves with a very coo« 
sidcrable velocity, and tlie water next above this only a little faster^ 
so that the velocity increases almost uniformly ^s we ascend towards 
the surface. It follows, therefore, that the resbtance must be much 
j^reater where the particles of water slide on each other, than where 
they glide along the surface of a solid. This internal friction ope- 
rates gradually tliroughout the water ; the surface being retarded by 
the particles immediiitely below it, those particles by the next infe- 
rior stratum, and each stratum being actuated, besides its own re- 
lative weight, by the frictiou of the water above, tending to draw 
it forwards, and by that of the water below, tending still more to 
retard it; the retardation being communicated, from below up- 
wards, in such a manner as to be every where equivalent to the re- 
lative weight of the water above the part considered. It appears 
from observation, that when we have determined the mean velocity 
in Eoglisli inches, we may find the superficial velocity, very nearly, 
by adding to it its square root, and the velocity at bottom, by sub« 
tracting from it the same number ; thus the square root of 48^ 
being nearly 7, the superficial velocity of the Ganges will be about 
55 inches, or 4 feet 7 inches in a second, and the velocity at the 
bottom 41|. There are, however, frequent irregularies in the pro. 
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|)OTtion8 of the velodties at dtfiFKnt ileplbs, and it has sometitnM 
been observed, ))crlia;i9 on nccnuut of the reststaii<^e of the air, tliat 
ibe vdocil; 13 a little less, immedJately ut llie surface, than a few 
iuclies below it. 

For similar reaioD9,lhe Telocity of a river is also generallj grealef 
ill llie middle than at tlie aides ; hiuI (he motiun of llie (mrticks ti 
the middle niuft be retarded, not oiilj' by (hose nhich ate below 
Ihem, but uho by those on each side, nhile Ihe^e, on tlie coulrar^ 
are dragged on by Ifie water iu the middle : Ihe iiiiddle parts lendp 
tlierefore, to draw the sides touurds them, which they cannot do^ ' 
wilbout lowcriag the !urface of the fluid next to the banks, in such 
a degree as to make the difference of level an equivaleiil to ihb 
tendency to approach llie miilitle. This appears to he the reasoiv 
ivliy llic surface of a lari;e liver may peneiatly be observed to be 
slightly convex, or a htlle elevated in llie middle. 

The course of a river is sometinies interrupted by a cere or a 
fall, iialural or artificial; in sucli cases Ihe velocity may be calca> 
lated in the same manner as when a fluid is discharged from a reh 
scrvoir through an aperture of coiisideralile height : supposing the 
n'lKile sectiou of the were lo be such an aperture, io a vessel ss 
tniich higher, that Ibe velocity of a fluid issuing from it at the 
upper part of the aperture would be precisely etjual to the acturi 
velocity of the river. The cutent of the swell caused by a were, or 
by any parlial elevation thrown across t'lc lied of a river, may als» , 
he found by first (leli'ritiiuing the height at which the surtiice mii 
Bland iumieilialely above the were, and then cukubting the incliu 
tion of the surface which will he required for producing Ibe actual 
velocily, in Ibe river thus made deeper; which of course will detei^ 
mine Ibe silualion nf llie surface where Ihe water approaches tlie 
Here; and this surface, ubich is more nearly horizonlal than 
general surface of the river, will be so joined to it as to have a cur- ] 
valuie nearly uniforiii throughout. 

It appears frum calculations of the effects of various changes i 
the dimensions of rivers, as well as from ioimediale ohservaliuiii 
that a considerable diminution of the breadth of a river at a partu 
cuIbt place, will often produce hut a small eli-valion of its surfkce. I 
The velocity, however, may somcliines he con hid era biy increased by-* 
'sucb a change, uud where the bottom is of a loose nature, its par« 




S90 OK THE FRICTION AKD 

Iklts may be carried away by means of the ioeiieased Telodty, aod 
tlw bed of tlie river may be deepened. 

¥rhert a river bends in a considerable degree, it is generally it. 
marked that the velocity of the water is greater near tbe concave 
tban the convex side of the flexnre, that is, at tbe greatest distance 
lirora the centre of its curvature. This efiect u probably occasioned 
by tbe ceutri Algal force^ whipli accumulates the water on that side; 
•D that the banks are undermined, and the channel is deepened by 
its ^ctionw Some autliors have been led to expect tbst the velocitj 
would be greater nearest to the convex bank, because the inclins* 
Hon of the surface must be a little greater there : but the eiect of 
tbe accelerating force, in any short distance, is inconsiderable, 
and It is more than compensated by the want of depth* It maj 
easily be understood, that all angles and flexures must diminish the. 
general velocity of the river's motion, and tbe more aa they are 
tbe more abrupt. 

It has sometimes been imagined, that because the pressure of 
fluids is propagated equally in all directions, their motions ought 
also to diverge in a similar manner ; but this opinion is by no means 
well founded, even with respect to those particles which receive their 
motions in an unlimited reservoir from- the impulse of a stream 
which enters it. An exi>erimetit, which sets this fact in a clear 
point of view, was made long ago by Hauksbee. He produced 
a very rapid current of air, by means of a vessel, into which 
three or four times as much air 'as it naturally contained had been 
condensed by means of a syringe, and causing tbe current to pass 
through a small box, in which the bason of a barometer was placed, 
the mercury was depressed more than two inches in consequence 
of the rarefaction which the current produced in the air of the 
box. 

Professor Venturi has also made several experiments of a similar 
nature on tbe motion of water : he observes that not only tbe water 
in contact witli a stream is drawn along by it, but that the air in 
the neighbourhood of a jet is also made to partake of its motion. 
When tlie mouth of a pipe, through which a stream of water is dis* 
charged, is introduced into a vessel ^ little below the surface of the 
water which it contains, and is allowed to escape by ascending an 
inclined surface placed opposite to the pipe, and leading over the 
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tide of the veuel, tlia strenm not only Mcends thn surface « Uhout 
Icaviii^ any portion of ilsclf btliind, hut carries also wilh it tlie 
whole of the water of tlie vesed, until its surface becomes level wilh 
Ihe lowest ]>art of the stream. 

The e^ct of a Jet of tvnter, in ilrimitig towardt it a current at 
«ir, is in some measure illuslriilp<l by itn eKperlnient which is oflen 
exhibiled amoiii! tlie amtisemeiila of hydraulics. A ball ofcorh. or 
even an e^g, biing pldccO in the middle of a jet, which throws up « 
pretty large stream to a inodcrate lieiglit, the ball, ioifcad of liilliiig 
or beui|t thrown off, us it iniglit naturally have been expected to 
do, remains nearly eitlicr stationary, or playing up and down, mt 
long as the experiment is continued. Besides the current of ate 
whidi Venturi has noticed, and which tends to support the ball in > 
«table equilibrinni, the adhesion of the water, combined wilh ita 
centrifugal force in turning round the ball, assists tit drawing it 
back, when il lias declined a little on either side, so that llic stream 
lias been principally in contact with the other side. AsioiilareAect 
may be obi^erved in llie motions of the air only, as Dr. Young hat 
shown by some experiments of whicli an accnnnt is published in the 
Philosophical Transactions. Thus, if we bend a long plute of metal 
into the form of the letter S, and suspend it in Ihe middle by a thread, 
go that it may move freely on its centre, and if we then blow on ita 
conrex siirfticc with a tube directed obliquely towards the extre- 
mity, instead of retreating before the blusl, it will on the contrary 
appear to be allracted ; the pressure of the atmosphere being di- 
minished by Ihe cenliifugal force of the current, which glides along 
Ihe conrcx surface, because it tinds a readier jtassHge in the neigli- 
bourlraod of the solid, towards which it is urged by the impulse of 
the particles of the air approacliing it on one side, and by tliede. 
feet of pressure on the other side, occasioned by the removal of a. 
cerlain portion of the air which it carries witii it. 

From considerations similar lo those by which the velocity of a 
river is determined, we may calculate the quantity of water dis. 
tharged from a pipe of any given dimensions, and in any posilioti. 
^csamc eapressloDS will serve for estimating the magnilutle of the 
ill both cases ; the jiipe being considered us a small river, 
ttf which the mean depth is one-founb of its diameter: but apart 
only of the force of gravity is now expended in overcoming the 
fVicliun, the rest bein^ employed in prnduciiis <he momentum of 
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a Ihe ifairtrr of the py 
lUO bkIkh «c onst si|i|i08e tk 
kdcM to be ivdMcd to ooc^bini by tbe 6ktio% a^ tk 
be dicalUcd finNB m bc^ht iwr.fiftbm as gnit » 
tbflb wbkb aaj be cBe«rtrn ed as a icdac ion «kiivcd from tbe li- 
ar tbe pstkla. catniis tbe |iipe» witb cM:b otbei's B». 
It ibe diBBKtcr of tbe pipe bad bcoi t«o ische^ the hcigkt 
amlj bave beeosappofed to be ic d aced lo ooe*balf bjtbe 
JBcb a pipe vookU tbdeHare, diKbarge abost fifc tinei 
aater as tbe fonaer, altboa^ of oolj twice tbe ifiameter; 
tbii riicaifinfr rcqaiics ibe atteaCMMi of all those who aie 
ia legalatiDS tbe distiibatioa of water by pipes for do* 
ttic^ or for aD5 ether purpose. 
Ia ftadi cases it bcc<MBes aUo frequeatlj aeccssaiy to attend Is 
tbe angle io which a soiaU pipe is iaserted iuto a larger; wheaever t 
pipe is bent» there is a kiss of force accordiog to the degree of flei. 
mcj and to the Tclocitj of I he water, which may be calculated, if k 
be required ; hut if a pipe be fixed into another through which die 
water is ino%iiig very rapidly, in a direction contrary to that of the 
stream, its discharge will not only be much smaller than if tbe di« 
rections more nearly coiocided, but sometimes such a pipe will dis- 
charge ootliiog at all ; on tbe contrar}'> like Ibe air ia Uauksbee's 
leaperioient, tbe water w bicb it contains may be dragged aAer the 
Itream io the larger pipe. 

{Young's Nai. Phil} 

SECTION IV. 

On Siphons and Jets of JVaier. 

It is very well known that the general weight and pressure of the 
atmosphere upon liquids is capable of throwing them* up into tubes 
of a considerable height, one of whose extremities is immersed in 
tbe reservoir of the liquid made use of for this purpose, and the 
other constitutii)g an exhausted receiver or vacuum. Liquids, how- 
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Iwver, are nr liiiTi-tent specific gravities, und hence tite weight tnd 
fJreKunr of llie alinaij>tiere cuiiiiut raise llieiii ull to mi etjual height. 
Thus tjuicksjlver will a«ceDii in mi cxhauscil tuhe lu tli« height uf 
about ihirly inches on lfa« level of ihe sea, lliough as ihc *\t h 
lighter or perhups less elastic at some times tlian ut utl>ers, tlie 
lietghl of the column uillvary hclHeen the limits of 37 and ^1 
iucbes: and we hence ohlaiu Ihe useful mid well known iiiilrunteiit 
dcouRiinuted a liaromHer, cojiceniiiig which we bliuU have ocmsion 
lo ([Kak more at large hereafter. From thi; greater levity of water, 
a column of this liquid may he sustained in the tuhe or pipe of a 
|Himp to a height uf from SO lo 35 feet, the pipe, by means of it* 
valve or Micker, pnisessing a vacuum on its upper extremity like 
(hat of tlie upper extremity of Ihe barometrical liihe. 

ll is from Ibis curious fuct that we are able, without any addta 
lional uiadiiii<;ry, to have the water cnuveyed by pijies supplied 
from a reservoir or fuuiitaiii of e(|ual elevation lo llie upper stories 
of our houses whose height does not exceed from ihirly lo fbirij. 
five feet, Aad hence the origin of natural orarlilicial^c/f •I'taux. 
jels of water or spouting fouulajas; thf jet being supplied from an 
elevated bead or leservoir by uienns of arlificiitl lubes or natural 
channels or conductors. These tubes or couductots, whether 
naturaJ or artificial, are someliines bent, and are fheu called siphon^ 
?Dd according to the nature and conipleiity of the curvulurei pro. 
duce a variety of striking and amuun;; pli»iomeua. 

When a liphoti, or bent tube, observes Dr.Youiij, is filled with 
a fluid, aitd tta eKlrcinJlien are immersed in fluids of Ihe same kiud, 

contained m diiferent vessels, if hoth their lurfuces are oii the tame 

, the whole remains al rest; but if otherwise, iIk longer 

tin in the siphon ptepoitd<rale% and the pressure of (heal. 

a^phcre tbrces up ihe liuid from the higher vessel, unLd llu: equi- 

is restored; provided, however, Dial this pressure he suSi. 

Intnlly powerful : for if the height of the lube were more than 3% 

F Aet fur water, or than Ihirly luetics for mercury, ihe pressure of 

tlie atmosphere would be incapable of fordug np ihe fiuiil lu its 

highest pari, and (his part lemaiDing empty, the fluid cuuld ut 

loiijjer cuiitiiiue to run. 

■ if the lower vewel be allowed to emply itself, Ihe siphon will 

mtinue running ai long as it is supplied from tlie upper, with a 

y nearly cu/rcspuuiling fw the hciglil uf that portiuu of Itia 
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Duid in tii« longer leg, whicli is not counterbatanceri by the fluiil hi 
the lihorler; that is, to the beiglil nf tlie surroce of the nppet 
vewet above tlint of the lower one. or above (he end of llie siplioD, 
when it is uo lon^r immersed ; for the hcigiit of the jiipe is in ail 
cases to be considered as constituting a part of that height which 
produces the pressure. Thus Ilie discharge of a pipe, descending 
frbm the side or bottom of a vessel, b nearly tlie same as from a 
rimilar faorisontsl pipe, inserted into a reservoir of the whole heigbl 
of the descending pipe and of the fluid above il ; and tliis is Iriie 
even when the deplh of the vessel is hicouMderable, iu coniparisoD 
with the length of the pipe, if its capacity is sufficient to keep the 
pipe running full. It appears at hrst sight extremely paradoxical, 
that the whole naler discharged, each particle of which is subjected 
lo the action of gravitation in a pii>e iti feet long, for half asecomi 
only, should aetjuire the velocity of 39 feel in a second, which 
would require, in cnmmon circumstances, the action of the same 
force of gravitation for a whole second, and this fact may be con* 
.sidered as fovourable To the opinion of those, who wish to eslimite 
the magnitude of a force, rather by the space through which iti^ 
continued, than by the time during which it acl«; but if we alleud 
to the natnre of hydroslalical pressure, we shall find that the effect 
of ihc column on the atmosphere is such, as to produce, or lo 
tfevelope, a porlion of aceelewling force which is actually greiler 
than the weight of the particles immediately concerned. If a doubt 
could be enteitHiued of the tmlh of this theory, it might easily be 
removed hy recurring to iJie general law of ascending force, giod 
it follows from thai law, that each panicle, which descends in any 
manner through the space of I G feet, must acquire, either for ilaelf 
or some other particles, a power of .tsceuding lo the same height; 
anil on the other hand, the event of (he e:fperimcnt coiilirms tlie 
general law. For if we fix a shallow funuel on a vertical pipe, and 
pour water into it, so as to keep it constantly full, while the pi(i« 
discharges itself into a reservoir, out of which the water runs 
through a second pipe, placed horizonlally, of exactly the same 
dimensions with the first, the height, at which the water in iha 
reservoir becomes stationary, will he very nearly equal to the height 
uf the funnel above its surface, so that the same height produce) 
the same vclocify in both case^. ■ 

Wc may understand the action of the forces immediately con* 
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cenicil in IhU experinieut, bj' attending to tbe mutual eflects of t[ie 
ivater and of llie atiuospherc. Tlie water entering llie orifice muit 
immediiilelj' acquire a velocity equul (o that of the wliole walcr in 
the pipe, othetwise tliere would be a vacuum in the upper pari of 
the pipe, which the pressure of ihe atmosphere will not |)crmil ; 
wid this presgtire, considered a« a hydroslalic force, is equal to that 
which would be derived in any other way from a column of the 
same heiglitwilh Ihe pj|ie, since tl»e weight of tbe water in the pipe 
is wholly employed in diminishing the counlerprensure of Ihe at* 
niospLere below, not only in tite begjiiniiig, when it is at rest, but 
also while it is in motion ; for that motion being uniform through- 
ont its <1escent, the power of gravitation ii expended in producing 
pressure only; so Ihal the pressure of the atmosphecc on the water 
in the funnel becomes completely analogous to the prtsiure of a 
reservoir of water, of the same height with the pipe. The circunt- 
stance, which causes the appearance of paradox in this experimeot, 
exists also in the eimplcsi case of ihe discharge of water ; for it 
may be shown, that the portion of accelerating force aclually em> 
ployed in generating the velocity with which a stream ii dijcltargeil 
through a small orifice, is twice as great as (he pressure of the fluid 
on a port of (lie vessel equal in extent to the orifice ; and in ibe 
same manner the iiuantity of force exerted by the atmosphere oa 
Uie water in Ibe funnel, as well as that with which the descending 
fluid impels the air below, is equal to twice the weight in Ihe quan- 
tity existing at any time in the pipe. 

There is, however, a liniil, which (tie mean velocity in such a 
pipe can never eiceed, and which U derivcil from the magnitude of 
the pressure of Ihe almosphere. For the water cannot enter the 
pipe with a greater velocity (ban that with which it would enter uu 
ethausled pipe, and which is produced by t lie whole pressure of tbe 
atmosphere ; and thi* pressure being equivalent to thut of a column 
of water 34 feet high, Ihe velocity derived from it is about 47 fret 
in a second : so that if the vertical pipe were more Ihan 3i feet 
long, there would be a vacuum in a part of it near the funnel. 

Wherever a pipe of considerable length descends from a funnel, 

if the supply of ihe fluid be ^anly, and especially if it approach 

the orifice obliquely, the pressure of the almoj|itiere, and the ceo* 

Irifugal force of tbe particles which must uecessarily revolve round 
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the orifice, will unite in producing a vacuity ia the centre ; %nd , 
when this happens^ the discbarge is considerably diminisbed. 

In order that a siphon may run, it if obvious that it must first be 
filled; and when it is once filled, it will continue to run till the 
reservoir is exhausted, as far as the level of its up|)er orifice. And 
from thb circumstance, the phenomena of some intermitting springs 
have been explained, which only begin to run, wlieu the reservoirs 
from which they originate have been filled by continued rains, and 
tiien go on to exhaust them, even though tlie weather may be dry. 
Tttnxk a combinatjon of seycral such siphons and reservoirs, a great 
mimber of alternations may sometimes be produced. 

Since the velocity of a stream or jet issuing in any directionj out 
of a simple orifice, or a converging one, is nearly equal to that of 
a heavy body falling from the height of the. reservoir, it will rise, if 
directed upwards, very nearly to the same height, excepting a sl^t 
difference occasioned by the resistance of the air, and by the forc^ 
which is lost, in producing the velocity with which the particles 
must escape laterally, before they begin to descend. The truth of 
this conclusion is easily confirmed by experiment. 

If a jet issue in an oblique or in a horizontal direction, its fom 
will be parabolic, since every particle tends, as a separate priyeetilei 
to describe the same parabola in its range: and it may be demos- 
ftrated, that if it be emitted horizontally from any part of the side of 
a vessel, standing on a horizontal plane, and a circle be described, 
having the whole height of the fluid for its diameter, the jet will 
reach the plane, at a distance from the vessel twice as great as the 
distance of that point of the circle, through which it would have 
passed, if it had continued to move horizontally. And if the jet 
rise in any angle from the bottom of the vessel, the utmost height 
of its ascent will be equal to that of the point in which it would 
meet the same simicircle, if it continued to move in a right line, 
and the horizontal range will be equal to four times the distance, 
intercepted between the same point and the side of the vessel. 
This law is equally true with regard to simple projectiles : but the 
experiment is most conveniently exhibited in the motion of a jet. 

We have hitherto considered the motions of fluids as continued 
principally in the same direction ; but they are frequently subjected 
to alternations of motion, which bear a considerable analogy to the 
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vtbralions of pt-nduluins: Ihiig, if a long tube be immersed in a 
fluid, in a vertical direction, ami Ibe surface of tlie fluid within the 
tube be elevated a very litlle. by some external cause, the wbole 
cnulenls of ibe fluid will be urged downwards by a force, wbicb 
decreases in proportion to ibe elevation of the surface above tbe 
generul level of the vessel, and when both surfaces have acquired 
the same level, (he motion will be contimied by the inertia of the 
particles of the fluid, until it be destroyed by the diflerence of 
pressures, which now tends la retard it ; and (his altematiiHi will 
coulinue, UDlil (he oiotioti be destroyed by fricdon and by other 
resistances. It u ako obvious, that since any two vibrations, in 
which (he forces are proporlional to tlie spaces to be described, are 
performed in equal times, these alternations will require e^tacdy the 
same time for their completion, as the vibrations of a pendulum, 
of which the length is equal to that of the whole tube ; for the 
relative force in the tube is to the whole force of gravity as the 
elevalion or depression is to the whole length of the (ube. Hence 
i( follows, that if two such lubes were uniled below, so as to form 
a single beut tube, the viijralions might take place lit the whole 
compuuud tube, in the same nmuuer, and in the same tiiue, ai in ' 
each of (he separate (ubea; nor would the cft'ects be materially 
altered if any part of the middle of the tube were in a horizontal 
or in an oblique direction, provided that the whole length remabed 
unaltered. In such a (ube also, all vihraduns, even if of consider* 
able cxieut, would be petfotmed in (he same time, and would lon^ 
remain nearly of ihc same magnitude ; but in a single tube, open 
below, the vibrations would continually become less exteusive, and 
their duration would ulso be altered as well as their extent; besideg 
(he unavoidable rcsis(uuces, which would in both cases interfere 
with (he regularity nf the ciTects. 

Mr. Whitehurst, in the Philosophical Transact ions for 1775, has 
given a cucious accuimt of the application of these principles in a 
contrivance for raising water, employed at OultoD, Cheshire, tbe 
aeat of Philip Egerton, Esq, TUe water was contained in a reaer- 
voi', from the button) of which there passed a pipe to the kitchen, 
sixteen fed below iliu reservoir. This pipe had two extremities; 
one of th<:ui furiii!>hcil with a stop>cock, was for Ihe use of lUe 
kitthcu; the other furnished with a valve, (erniina(ed near Ihe ' 
botlom of a stout \eisd containing air. From the bottom of this 
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airTCsseli Ibere passed a lube to nnollier reserroir, higher than Hit 
origiiial reservuir, and destined for llie biew-haust-. When water 
was diann fur Itie kitclien, the water in tlie pipe acquired, by run. 
Ding, a considerable velocity. Hence, wlien the stop-cock irai 
shut, it acted on the valve, foiccd tt open, and rushing into tlie ait 
vessel, compressed the air which it contained. This hap))enin(; 
every time that water was drawn for the use of ihe kitchen, wbiclj 
was very frequently, the water made its way into .ihe brew-iiouse 
reservoir, and supplied it sullicieiitlv. 

Dr. Darwin, by an application of ihe same priRci|)tc3, ingenioutlt 
nbtaineil an artificial spring from an elevated well at a considerable 
distance. The following is his account of the plan pursoed, i; 
communicaled to the Royal Society in iJS5. " Near my house,sa\i 
Dr. D., was an old well, about 100 yards from the river Dentenl 
in Derby, and about fonr yards deep, which had been many jtan 
disused, on account of Ihe badness of the water^ which I fouid 
to contain much vitriolic acid, with at the same time a sliglil Hi. 
pbureous smell and taste ; but did not carefully analyse it. TIk 
mouth of this well wks about four feet above the surface of Ibt 
river; aod the ground, through which it was sunk^ consisted of i 
black, loose, moist earth, which appeared to have been very latclj 
a morass, and is now covered with houses built on piles. At th 
bottom was found a bed of red marl, and the spring, which vit 
BO strong as to give up many hogsheads in a day, oozed from it- 
Iween the morass and the marl : it lay about eight feet beneatbtbe 
surftce'of Ihe river, and the water rose within two feet of the top 
of the well. 

" Having observed that a very copious spring, called Saint Alt 
mund's well, rose out of Ihe ground about hall'a mile higher on the 
same side of the Dcrwent, the level of which I knew by Ihe hei^ 
of the iulervcniDg wier to be about four or five feel above the gronad 
about my well; and having observed that the higher landsatlhc 
distance of a mile or two iieliind these wells, consisted of red mu! 
like that in tlienell; I concluded, Ihiil, if 1 should bore through tbii 
stratum of marl, I might probably gain a waler similar to (faalof St, 
Alkmund's well, and hoped that at the same time it might rise abon 
the surface of my old well to the level of St. Alkmuud's. With tbb 
intent a pump was first put down for Ihe purpose of more enflj 
keeping dry the bottom of the old wetl> and a hole about 3| ii 
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diameter was then bored about IS yarih Wov the brUt sM ml tkt 
«rell» till some sand was bro«glit a^ bv Ike aBecE. AwaadEap^ 
which was previooBlj cat ia s coakal ham m mmt cad. aatf aBBsi 
with an iron nnf at the olbcr. was diiica iaia the ti^af tias IhI^ 
and stood np aboat two wds Iidb tibe liiiil— af tke wdL aai 
being sorrounded with wcU-raaaHd dwr, the anr anasr waaamktd, 
kk a saadl stream tfaioi^ the a oed ea ppe. Ov aetf apanaiia 
was to build a waU of dmj agaiKt the mmaam adaa af Ae welL 
with a wall of welLlmclu laUiaa My; ap ta the tap af k. nb 
completely stopped oat every diapaf the aUwaSer; cad. «a tA* 
ing oat the pli^ which had beca pwta the waaAea pipe^ Akbbw 
water in two or three da%s laae a* ta tbe saa^ aatf flaami aaar tkt 
edges of the wett. 

** Afterwards, to giatiiV na 
spring woald riie, aad for the 
water at all tines qaite cold 
about eight jaids kmg, aad f of 
throi^ the wooden pipe d ejui b c d abaf«v i^t^ tkr 
at the bottoai of the weH, to as to 
the soi&oe of the grmmd. Near the I 
was sewed, be twe ca two leadea riags or 
of stiff leather, hrto which aoaae wool wv naUd ta 
sothat, after haTii^paaedthraagb the wwodeapipe^ 
pletely fill np the pcrfoiatioa of Ae dav. Aaaiitfr 
flanch was soldered roimd the leadea pipe, ahatit t«a 
the soriaee of the groaod, wh 

under it, was nailed oo the top of the woodea pipe, bjr aiarib 
the water was perfectly predaded fnaa niag helafwa the aoadea 
and the leaden pipes. 

**This ben^ accomplisbed, the bottoai of^^ie wetl waiaiacd yate 
dry, and the new water qoicfchr rose aboat a loot ahoipe the tap ^ 
the weUm the leaden pipe: and, oo beadiag the aMWlhafthm pipe 
to the level of thesarfiase of the groaiid,ahoat two hogAeadf of water 
flowed firom it in twentyUbar boars, which had siniUr propetties 
with the water of St. Alkmood's well, as oa coaaparifoa both these 
waters curdelled a solution of soap n s|Mnt of wine, and abonaded 
with calcareous earth, which araseopioosly precipitated by a solalioo 
of fixed alkali ; but the new water was fouad to possess a greater 
abundance of it, with aumeroas saiall babbles of aerial add or cal- 
careous gas. The new water has now flowed about twelve months^ 
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■lid teems alreBily increased to alitinil double tiie quantity in b giitii 
^^ lime.; and I lliiiik it is imw less replete willi calcareous eartli, 
^^L tpfnKh'mg gradually to an exact coiies|>oiideDce wilh Sla Alk- 
^B rnuad'* well, as it probably lias ils origin between tbe same stnta 
V ofeiuth." 

Ainuiny mountains beat incontejitable marks of having been forciblj 
laiKcl up by some |>oner benealti llieni ; and oilier mountains and 
e«ea islands, have been lifted up by tmbtcrraneous fires in our own 
liiues, we may safely reason on tiie aatiie supposition in respect to 
all other great elevations of ground. Proofs of these circumstancen 
are to be seen on both sides of this pan of the coimlry : whoever 
will iiispeet, witli the eye of a philosopher, the liiue-mouulab at 
Breedou. on the ed<;e of Leicestershire, wilt not hetitale a iiionieiit 
in proiioimcing, that it has been forcibly elevated by some powers 
beneath it ; for it is of a conical form with the apex cut off, and llie 
itnita, which compose its central parts, and which are found neHTly 
borizontal lu the plain, are raised almost perpend icutarl)', nod 

|pluce<l on their edges, while those ou each side decline like the sur< 
fjce of Ihu hill; so that thu mountain may well lie represented by 
a bur made by forcing a bodkiu through several parallel sheets ol' 
paper. At Router, or Eagle-stone, in the Peak, several large 
masses of grit slune arc seen on the sides and bottom of the moun- 
tain, whicli by iLeir form evince from what parts of the amnrait 
they were broken ofi'at the time it was elevated ; and the numerous 
loose stones scattered about the plains in its vicinity, and half buried 
in tlie earth, must have been thrown out by explosions, and |)rovc 
tbe volcauic oiigin of the mountain. Add to this the vast beds of 

I load-stone or lava in many parts of this county, so accurately ditaj^l 
cribed, and so well exptaiued by Mr.Whiti-hurst, m bit ThraiTr^^H 
the Formation of the Earth. '^^1 

Now as all great elevations of ground have been llius raiwd <1^^| 
subterraui;ous fires, and jn a long course of time their sumnitta l4^^^| 
been worn away, it happens, that some of the more ulterior ainM^^| 
ef the earth are exposed naked on the tops of mountains ; and lliat 
in general those strata which lie uppermnsi, or nearest to the sum. 
mil of the mountain, are the lowest in the contiguous plains, Thi> 
will be readily conceived if the bur, made by thrusting a bodkia 
through several parallel sheets of paper, had a part of its apex cut 
olf Vy a pen-knife, and is lo vfcU euplulned by Mr. Miehcll, in ua 
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tiigenious paper on Hie Plicnomeiia of Earlliquiiltes, ]mbllslie(1 a few 
^van ago in ihe PltilosophicalTranaaclions. 

And Hs Ihe more elevated parts of a couutr)' are io mucli colder 
tliaii the vallica, owing perhaps to a cuiicurreiice of two or three causey 
liul particularly lo Ihc less coodensedalale of the air on liills, which 
thciiGc becomes a better coiiduclor of heat, as well as of electricity^ 
and pcrmila it lo escape Ihe faster: it is from the water condensed 
on llii^Ec cnid surtaces of mountains that onr comnmii cold springt 
have llieir origin: and which, sliding between 2 of the ttrataabova 
iteacribod, descend till titey find or make iheniselves an outJet, and 
will in conseqnence rise lo a level wllli llie part of the mounlain 
where ihey originaled. And hence, if by piercing the earth yoti 
gain a spring between the 2d and 3d, or 3d and 4lh stratum, it 
must generally happen, that the water from the lowest slralum will 
rise Ihe highest, if conlined in pipes, berauK it comes origiasUy 
from a higher pajt of Ihe country in its vinhity. 

[young's Nat. Phil. Thomson's Phil. Tram. EdUor^ 

SECTION V. 

On Capillitnj Tubes and Siphons. 

Capillaht tubes are lubes of gla^s, the interior ajwrture of 
which m very narrow, being only half a line, or leas, in diameter. 
The reason of this denomination may be rendily perceived. 

These lubes are allendcd with aome singular plijeiiomena, in the 
explanation ofwhieb, philosophers do not seem to have agreed. 
Hitherto it has been easier, in this respect, to destroy, than to build 
up. The principal of these phtenomena are as follow : 

I. It is well known thai water, or any other fluid, riMS to the 
same height in two tubes which have a communication with eacb 
tilher; but if one of the branches be capillary, ihis rule does not 
hold good: the water in the capillary tube rises above the level of 
(hat in the other branch, and the mure so, the narrower the 
capillary lube is. 

It seemed very easy to the first philotophers, who beheld ibia 
pliacnunienon, to give an explanation of it. They supposed that 
the air, wliich presses on the water in the capillary tube, experiences 
some difficulty in cxerctshig its action, on account of the uarrowuew 
nfthe lube; and that Ibe result must be an elevation of the fluid 
«n that side. 
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This however wm not Teiy satisfactory; for what reason is there 
' to think that the air> the particles of which are so minate, will not 
be at perfect freedom in a tube half a line, or a quarter of a line, 
in diameter t 

But whether this explanation be satisfactory or not, it is entirely 
overturned by the second and third pbaenomena of capillary tub^s. 

% When mercury is employed, instead of water, this fluid, in. 
stead of risbg in the capillary branch, to the level which it reaches 
in the other, remains below that level. 

> 3. If the experiment be performed in vacuo, every thing takes 
place the same as iOt the open air. The cause of this phaetiomenon 
then is not to be soq^ht for in the air. 

4. If the inside of the tube be rubbed with any greasy matter 
. such as tallow, the water, instead of rising above the level, remains 

below it. The case is the same, if the experiment be made with a 
tube of wax, or the quills of a bird, the inside of which is always 
greasy. 

5. If the end of a capillary tube be immersed in water, this fluid 
immediately rises above the level of that in the vessel, and to the 
same height to which it would rise in a syphon, if one of its branches 
were a capillary tube, and the other of the common siae ; so that 
tf the surface of the water only be touched, it is immediately at* 
tracted, as it were, to the height abovementioned, and it remains 
suspended at that height when the tube is removed from the 
water. 

6. If a capillary tube be held in a perpendicular direction, or 
nearly so, and if a drop of water be made to run along its exterior 
surface, when the drop reaches its lower aperture, it enters the 
tube, if it be of suflicient size, and rises to the height at which it 
would stand, above the level, in the branch- of a syphon of that 
calibre. 

7. The heights at which water maintains itself in capillary tnbes, 
^ are in the inverse ratio of the diametet*. Thus, if water rise to 

the height of 10 lines in a tube one.third of a line in diameter, it 
ought to rise to the height of 20 lines in a tube one-sixth of a line 
in diameter, and to the height of 100 in a tube oue.3'0th of a line 
in diameter. 

The falling of mercury below the level in such tubes, follows also 
the inverse ratio of the diameters of the tubes. 



I 



» 






0:4 CAFtLiAfiT TUBRI AMD &1PHONS. 40J} 

9. Those persons would be iJcceived nho sliould imagine, that ! 
Ae lipblest liquors rue lo Ihc greatest height in these lubes: of i 
aqueous liquors, si>irit of wiue is tli at which tiseslo the least height* 
2d a tube in whicb water rises 26 lioei, spirit of wine rises only 9 
or 10. The elevation of ipiril of wine, iu general, is oni^ lie half 
or a third of that of water. 

ThiselevBliou depends also on the nature of the glass; in certain 
tubes, water rises Liglier thnn in others, though their calibres be 111^ 
Kline. 

To be convinced that these eBects are not produced by auy thing 
wilhout the tube or llie liquor, it is necessarj to see these phseno^ 
mena, which are indeed the same in a vacuum, or in air highly rare> 
fied, as in tlie air wliich ive breathe. They vary also according Id 
the nature of the glass of wliich the lube is formed ; and tliejf are 
different according lo the nature of the fluid. The causes ther«- 
fore must he sought for in something inherent ia the nature of ibc 
tube, and in that of the ii\M~ 

This cause b generally ascribed to the attraction mutually ei 
'ciaed between glass and water. This explanation has been contro. 
verted by Father Gerdil, a Barnabite and an able philosopher, who 1 
has done every thing in his power to overturu it. On the other 
hand, M. de la I.anite has stood forth in its defence, and is one of 
those modern writers who Lave placed this explanation in the 
clearest light. The reader may consult also, on this subject, a very 
kanied and profound memoir by M. Weitbrechi, in the Memoirs of 
the Imperial Academy of Sciences at Pelersburgh. 

When philosopher! saw water rise in a capillary Inbe, above the 
'level of that in which it was immersed, or above that at which it- 
stood in a wider tube, with which it formed an inverted Hphoa, 
■they were iiidueeil to coiijecture the possibility of a perpetual mo> 
tion ; for if the w^ter, snid they, rises to the height of an inch 
above thitt In-el, let us interrupt its ascent, by makbg the tube 
only three quarters of an inch in height : the water will then rise 
above the orilice, and falling down the sides into the vessel, the 
same quantity will again rise, anil so on iu succession. Or, if the 
water that rises in the capillary branch of h siphon be conveyed, by 
an inclined tube, into the other branch, a continual circnhitioti of 
the fliiid will take place ; and heoce a perpetual motion given by 
nature. 

VOL. Ill, as 
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Bnl, aDforlunatrly, (bis idea was not confirmed by experiis 
If Ui« BKCfll of wali-r, in u capillar) lube, be intercepted, by cirfL ' * 
tiag the lube at balf llie beiglit, for example, to wbicb tlte wHl«r 
oitgiit to rise, the latter will not rise above llie orifice to trickle 
<h*/a (lie lides. And the csm nill be the lame in the otbeT it* 
tempt. 

SECTION VI. 

On the farce of MoMure in raising Burlhettu 

One of tlie most lingular pbKnouieiia lu pbyaics, is the force 
will) wbtdi the vapour of Hoier, or raiiitilujc, peiketrates into lliose 
bodies wbicli are susceptible of receiviitg it. If a very considerable 
burthen be alTixed to a dry and well sirelcbed rope, and if the 
rope be only of euch a length as lo suffer the burthen to red 
OOlhegrouudf uii laoistenmg the rope, you will »ee the burtheo 
niscd up. 

The anecdote respecting the famous obelisk erected by Pope 
Sixtu» V. before St. Fetet's at Ronie, is well known. The chcva- 
Uer Foiitana, who bad undertaken to raiae Ibis niouumenl, was, it 
isuid, on the point of failing in his opejation, just when ibe co- 
lumn WHS about to be placed on ils pedestal. It was su^ended in 
the open uir. und us llie topes bad stretched a blUe, so that tlM 
base of tire i>hcli<k could not reach the summit of ibe pedestal, a 
Freucbman cried out " W«t the ropes." This advice was follow- 
ed ; and the columOi as if of itself, rose to the necessary heigbt, lo 
be placed upright ou the pedestal prepared for it. 

This story however, though often repealed, is a mere fMe. 
Those who read Ibe description of tbe inarxBuvres which Fontuim 
eni|rioyed to raise bis obelisk, will sec that be bad no need of such 
assistance. It was much easier to cause his capstans lo tnake a feo 
turns more, than to go in quest of sponges and water lo tnobten bi) 
Tupes. But tbe story is establi'^hed, and will long be repealed In 
France, because it relates to a Frencltniaii, 

However, tlie following is another instance of the power of mois- 
Inre, in overcoming Uie greatest resistances : it is the mctbod by 
which millstones are produced. When amass of lliis stone has been 
found suScienlly larfrc, it is cut into tbe form of a cylinder, several 
feet in beight; and ibe question Iben is, how lo cut it inio bori' 
lonlal pieces, to make as many millstones. For this purpose, ci 
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^M ^lar and LorizoDtal iodenUlioas are cut out quite aronntl it, and 
1^ st propel distances, according to the thickness to be given to tlia 
millalooes, Wedges of willow, dried in an oven, are then drivea 
iDlo Ibe indealations, by meaos of a mallet. When the wedges 
Itave suuk lo a propei depth, they are moistened, or exposed to the 
liumidity of the night, and next morning the different pieces are 
foand separated from each other. Such is the process which, ac- 
cording to M. de Mairan, h employed in difierent places for mak- 
ii3g milblooei. 

By what mechanism is this effect produced I This question has 
been proposed by M. de Matran ; but in our opinion, the answer 
which he gives to it is very unsatisfactory. It a|^ars (o us to be 
the effect of the attraction by which the water is made (o rise in the 
exceedingly narrow capillary tubes with which ihe wood is filled 
Let us suppose the diameter of one of these tubes to be only the 
hundredth part of a line; let us suppose also, that the inclination 
of Ihe sides is one second, and that ihc force with which the water 
tends lo introduce itself into Ihe tube, is Ihe fourth part of a grain : 
this force, so very small, will tend to separate the flexible sides to 
Ihe lube, with a force of about 50,000 grains ; which make about 
8$ pounds. In the length of an inch let there be only 50 of these 
tubes, which gives 2500 in a square inch, and the result will be an 
effort of 218?5 pouuds. As the bead of a wedge, of the kind 
aboveinenttoned, may contain four or five square inches, the force 
it exerts will be equal to about SO or 100 thousand pounds; and if 
we suppose 10 of these wedges in the whole circumference of the 
cylinder, intended to form millstones, they will exercise together an 
effort of 900 thousand or a million of pounds. It needs, there- 
fore, excite no surprise tbat they should separate those blocks into 
Uie iuterrals between which Ihey are introduced, 

[IluUon. Monlucla'j Ozanam. 
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